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Abstract. - A study on the structure of the thyroid gland of 288 vertebrate species, conducted both on 99 dissec¬ 
tions and analysis of the literature, leads to propose the following interpretations: i) the presence of this gland 
is a synapomorphy of Vertebrata; ii) a compact gland is a synapomorphy of Gnathostomes; iii) a diffuse gland 
is a possible synapomorphy of Halecostomes; iv) several independent cases of concentration in a few lobes in 
several groups, like Scaridae, Scombridae and some Carangimorphariae occurred and even a compact gland in 
Osteoglossomorphes. Moreover, the scattering of thyroidian islets in other organs (cephalic kidney, choroid,...) 
has occurred several times in teleost lineages and a compact thyroid gland embedded in a blood sinus appears to 
be a probable synapomorphy of Tetraodontiformes and Lophiiformes. 
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- L’anatomie de la glande thyroide chez les “poissons” : implications phylogenetiques chez les verte- 


Une etude de la structure de la thyroide chez 288 especes de vertebres, menee a partir de 99 dissections et 
d’analyses de la litterature, permet de proposer les interpretations suivantes: i) la presence de cette glande est 
une synapomorphie des vertebres ; ii) une glande compacte est une synapomorphie des gnathostomes ; iii) une 
thyroide diffuse est une synapomorphie possible des halecostomes ; iv) il existe plusieurs cas independants de 
concentration en quelques lobes chez les Scaridae, les Scombridae et certains Carangimorphariae, et meme une 
thyroide compacte chez les Osteoglossomorphes. Enfin, un eparpillement d’ilots thyroidiens dans d’autres orga- 
nes (rein cephalique, choroide,...) est apparu plusieurs fois chez les teleosteens et une thyroide compacte incluse 
dans un sinus sanguin est une probable synapomorphie des Tetraodontiformes et des Lophiiformes. 


The role of the thyroid gland in verte¬ 
brate physiology has been, and is still, 
the subject of many studies (e.g. Marine, 1913; Hoar, 1951; 
Geven et al., 2007; Dufour et al., 2012). Its importance 
for metabolism regulation, growth and metamorphosis has 
been studied in details and for a long time (Olivereau, 1954; 
Fontaine and Fontaine, 1957, 1962; Olivereau et al., 1964; 
Eales, 1979; Leatherland, 1982, 1988; Dufour et al., 2012, 
among many others). Moreover, the thyroidian follicles 
can accumulate numerous environmental chemicals (such 
as hydrocarbons, organochlorine and organophosphorous 
pesticides, cyanide compounds, methyl bromide, phenols, 
ammonia, metals, sex steroids, and many pharmaceutical 
products) (Brown et al., 2004a). Consequently, studying the 
composition of these organs can reveal to which environ¬ 
mental pollutants an animal has been exposed (Brown et al., 
2004a). In that perspective, localizing these follicles is the 
first and fundamental step of both physiological and toxico¬ 
logical investigations. However, surprisingly the anatomical 
structure of this endocrine gland has not really been reported 
among vertebrates and the question of its evolution within 
this group has been poorly studied. A few studies related the 


thyroid structure only in some subgroups without taking into 
account the diversity of this clade. In a few words, the thy¬ 
roid is often viewed as a diffuse gland in “lower” vertebrates 
(i.e. “fishes”), while in "higher” vertebrates (mammals, birds 
and relatives) this gland presents a compact structure (Por- 
reca, 2010; Fagman and Nilsson, 2010). Nevertheless, the 
anatomic diversity cannot be considered on the basis of such 
simple shortcuts and the diversity of the thyroid gland anat¬ 
omy has to be examined in more details before suggesting 
possible hypotheses regarding the evolution of this organ. 

The thyroid gland was first identified in vertebrates by 
the English physician Thomas Wharton in 1656 (Kunz, 
2004) and in “fishes” by Simon (1844), even if he confused 
this organ with the pseudobranch in several species (Todd, 
1849-1852; Owen, 1866; Gudernatsch, 1910). More than 
twenty years before, Retzius (1819) has described a sublin¬ 
gual gland in a skate: Rajafullonica [= Leucoraja fullonica 
(L., 1758)] (Retzius, 1819: 54, fig. 7). An examination of this 
figure leads us to conclude, like Todd (1849-1852) and Owen 
(1866), that this sublingual gland is a compact thyroid. Nev¬ 
ertheless , these two authors considered that the gland was a 
more or less compact structure in vertebrates; Owen (1866) 
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studied the thyroid only in species where the gland forms a 
single and compact structure. 

The diffuse structure of the thyroid gland in teleostean 
fishes was assessed later by Baber (1881), Maurer (1886) and 
Gudernatsch (1910). Consequently, the structural diversity 
of this gland within vertebrates was already pointed out at 
the end of the 19 th century. In some species, as skates, sharks, 
frogs, crocodiles, birds and mammals, the gland is a com¬ 
pact, sometimes bilobed, encapsulated organ (Owen, 1866; 
Baber, 1881), while in others, as teleosteans, the gland is 
diffuse, not encapsulated, with scattered islets of follicles in 
the branchial region, close to the ventral aorta (Gudernatsch, 
1910; Baker, 1958). Some ectopic thyroidian follicles may 
be present as well in the cephalic kidney as in the choroid 
of some species (Chavin, 1956; Baker, 1958; Fournie et al., 
2005). Schlumberger and Lucke (1948) and Fournie et al. 
(2005) noticed that these highly scattered follicles have been 
often mistaken with invading neoplastic, tumorous structures 
[see Schlumberger and Lucke, 1948; Hoover, 1984; Fournie 
et al., 2005) for reports of thyroidian pathologies (tumours 
and goitres) in “fishes”]. Some cases of compact thyroid 
were described in several acanthomorphs, like scarids (Mat¬ 
thews and Smith, 1948), and in dipnoans (Parker, 1890; Oliv- 
ereau, 1959; Chavin, 1976) and in the Comorian coelacanth 
(Chavin, 1972,1976). Apeculiar thyroid gland, embedded in 
a blood sinus, was studied in the angler, Lophius piscatorius 
Linnaeus, 1758 (Lophiidae) (Burne, 1927). This short sur¬ 
vey shows that the thyroid gland presents a diversity of ana¬ 
tomical patterns within “fishes” and that the simple scheme 
assessing that this gland is diffuse in “lower” vertebrates 
and compact in “higher” vertebrates cannot be considered as 
valid. The purpose of the present study is to question that 
item in studying the structure of the thyroid gland among 
vertebrates, with a special focus on “fishes” that represent 
more than 50% of the vertebrate taxa, and to map the identi¬ 
fied states on recent phylogenies to try to decipher the evolu¬ 
tion of the gland and proposing possible synapomorphies for 
some clades regarding the structure of the thyroid gland. 

MATERIAL AND METHODS 

Taxonomic names have been checked in Eschmeyer and 
Fricke (2010). The structure of the thyroid gland has been 
identified by dissecting 99 animals, belonging to 65 species 
and 43 vertebrate families 41, of which are osteichthyan 
families. Animals have been fished, purchased dead at fish¬ 
mongers or at fish market auctions; some of them have been 
provided by fishermen or by the directors of show aquari¬ 
ums. A few specimens have been purchased in pet shops. 
For each species, successive brackets indicate the number 
of examined specimens, the total length (TL), the standard 
length (SL) or the head length (HL) and the origin of the 


specimen. The used classification of “fishes” follows Nel¬ 
son (2006) and Betancur-R et al. (2013b) for actinopterygian 
taxa. 

The dissected specimens are: 

CHONDRICHTHYES, Carcharhiniformes, Scyliorhinidae: 
Scyliorhinus canicula (2) (mean SL: 81 cm), purchased at fishmon¬ 
ger, fished off the East Atlantic Ocean coast). Torpediniformes, 
Torpedinidae: Torpedo marmorata (1) (SL: 65 cm), purchased at 
fishmonger, fished off the East Atlantic Ocean coast). 

OSTEICHTHYES, Actinopterygii. Neopterygii, Lepisostei- 
dae: Lepisosteus osseus (1), isolated head (HL: 23 cm, fished in 
the Chesapeake Bay, Virginia, USA). Teleostei, Elopomorphes, 
Anguillidae: Anguilla anguilla (1) (SL: 73 cm, purchased at fish¬ 
monger, fished off the East Atlantic Ocean coast), Congridae: Con¬ 
ger conger (1), isolated head (HL: 21 cm, purchased at fishmonger, 
fished off the East Atlantic Ocean coast), Megalopidae: Mega¬ 
lops atlanticus (1), isolated head (HL: 22 cm, from the Aquarium 
Mare Nostrum. Montpellier, France). Osteoglossomorpha, Notop- 
teridae: Chitala chitala (1) (SL: 57 cm, from the Aquarium de la 
Porte Doree, Paris, France), Osteoglossidae: Osteoglossum bic- 
cirhosum (1) (SL: 75 cm) (from the Aquarium de la Porte Doree, 
Paris, France). Ostariophysii, Cypriniformes, Cyprinidae: Abramis 
brama (1) (SL: 25.8 cm, purchased at fishmonger, France), Cypri- 
nus carpio (1) (SL: 42.3 cm, purchased at fishmonger, France). 
Salmoniformes, Salmonidae: Salvelinus alpinus (2) (SL: 34 cm, 
purchased at fishmonger, France), Salmo trutta (2) (SL: 25.8 cm 
and 26.2 cm, purchased at fishmonger, France). Acanthomorphes, 
Lampriformes, Lampridae: Lampris immaculatus (1) (SL: 60 cm, 
fished in the Kerguelen Islands, Indian Ocean). Gadifomies, Gadi- 
dae: Gaidropsarus mediterraneus (1) (SL: 9.5 cm, fished in the 
English Channel), Pollachius pollachius (1), isolated head (HL: 
19 cm, purchased at fishmonger, fished off the East Atlantic Ocean 
coast), Trisopterus luscus (1) (SL: 23.2 cm. purchased at fishmon¬ 
ger, fished in the Atlantic Ocean). Zeiformes, Zeidae: Zeusfaber) 1) 
(SL: 30.5 cm, purchased at fishmonger, fished off the East Atlantic 
Ocean coast). Syngnathiformes, Callionymidae: Callionymus lyra 
(2) (11.7 cm and 13.2 cm, purchased at fishmonger, fished in the 
English Channel), Mullidae: Mullus surmuletus (1) (SL: 20.3 cm, 
purchased at fishmonger, fished off the East Atlantic Ocean coast). 
Scombriformes, Scombridae: Scomber scombrus (4) (mean SL: 
30 cm, purchased at fishmonger, fished off the East Atlantic Ocean 
coast), Trichiuridae: Lepidopus caudatus (6) (SL: 70.5 cm, 73 cm, 
73.5 cm, 79 cm, 91 cm and 104 cm, fished off the East Atlantic 
Ocean coast). Carangimorphariae, Carangiformes, Carangidae: 
Trachurus trachurus (1) (SL: 33.8 cm) (purchased at fishmonger, 
fished off the East Atlantic Ocean coast), Sphyraenidae: Sphyrae- 
na afra (1), isolated head (HL: 21.3 cm, fished off the coasts of 
Gabon), Pleuronectiformes, Pleuronectidae: Microstomus kitt (1) 
(SL: 24.1 cm), purchased at fishmonger, fished off the East Atlantic 
Ocean coast ), Pleuronectesplatessa (1) (SL: 30.5 cm, purchased at 
fishmonger, fished in the English Channel), Scophthalmidae: Lepi- 
dorhombus whiffiagonis (1) (SL: 27.4 cm, purchased at fishmonger, 
fished off the East Atlantic Ocean coast), Scophthalmus maximus 
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(4) (mean SL: 37.8 cm, purchased at fishmonger, fished off the East 
Atlantic Ocean coast), Soleidae: Solea solea (5) (mean SL: 24.5 cm, 
purchased at fishmonger, fished on the East coasts the Atlantic 
Ocean). Ovalentaria, Beloniformes, Belonidae: Belone belone (1) 
(76 cm, purchased at fishmonger, fished off the East Atlantic Ocean 
coast). Blenniiformes, Blenniidae: Parablennius gattorugine (1) 
(SL: 11.8 cm, fished in the English Channel). Percomorpharia, 
Pomacanthidae: Centropyge multispinis (1) (7.9 cm, from a private 
aquarium), Pomacanthus imperator (1) (SL: 12.6 cm, from a private 
aquarium). Caproidae: Capros aper (2) (SL: 9.4 cm; 10.5 cm, from 
the Aquarium Mare Nostrum, Montpellier, France), Chaetodonti- 
dae: Chelmon rostratus (1) (SL: 11.2 cm,from aprivate aquarium), 
Moronidae: Dicentrarchus labrax (4) (mean SL: 33 cm, purchased 
at fishmonger, fished in the Atlantic Ocean). Labriformes, Labridae: 
Labrus bergylta (2) (SL: 23.8 cm), one isolated head (HL: 11.3 cm, 
purchased at fishmonger, fished in the Atlantic Ocean), Labrus 
mixtus (1) (SL: 24.8 cm, fished off the East Atlantic Ocean coast), 
Symphodus melops (1) (SL: 10.6 cm, fished off the East Atlantic 
Ocean coast), Ctenolabrus rupestris (1) (SL: 11.4 cm, fished off the 
East Atlantic Ocean coast). Spariformes, Sparidae: Sparus aurata 
(3) (mean SL: 18 cm, purchased at fishmonger, fished off the East 
Atlantic Ocean coast); Spondyliosoma cantharus (4) (mean SL: 
24 cm, purchased at fishmonger, fished off the East Atlantic Ocean 
coast). Lophiiformes, Lophiidae: Lophius piscatorius (4) (SL: 
27.6 cm; 28.5 cm and 57.3 cm), one isolated head (HL: 24.2 cm, 
purchased at the fish auction of Concarneau, France, fished off the 
East Atlantic Ocean coast), Ogcocephalidae: Ogcocephalus vesper- 
tilio (1) (SL: 18.8 cm. from the Aquarium Mare Nostrum. Mont¬ 
pellier, France). Tetraodontiformes, Balistiidae: Balistes capriscus 
(1) (SL: 30 cm, fished off the East Atlantic Ocean coast), Melich- 
thys vidua (1) (SL: 12.3 cm, from the Aquarium Mare Nostrum, 
Montpellier, France). Diodontidae: Diodon holacanthus (1) (SL: 
23.2 cm, from the Aquarium Mare Nostrum. Montpellier, France), 
Diodon liturosus (1) (SL: 18.5 cm, from the Aquarium of Vannes, 
Vannes, France), Molidae: Mola mola (1) (TL: 142 cm, fished in 
the English Channel), Ostraciidae: Lagocephalus lagocephalus 
(1) (SL: 39.3 cm, fished in the Atlantic Ocean), Ostracion cubicus 
(1) (SL: 14.7 cm, from the Aquarium Mare Nostrum. Montpellier, 
France), Tetrosomus gibbosus (1) (SL: 7.4 cm, from the Aquarium 
of Vannes, Vannes, France), Lactoria cornuta (1) (SL: 28.3 cm, 
from the Aquarium of Vannes, Vannes, France), Tetraodontidae: 
Tetraodon mbu (1) (31.6 cm, from the Aquarium de la Porte Doree, 
Paris, France), Tetraodon palembangensis (1) (SL: 8.8 cm, pur¬ 
chased alive at Europrix, Lens, France), Canthigaster compressa 
(1) (SL: 6.4 cm, from the Aquarium of Vannes, Vannes, France), 
Arothron nigropunctatus (1) (SL: 25.6 cm, from the Aquarium 
Mare Nostrum. Montpellier, France). Acanthurifomies, Acanthuri- 
dae: Acanthurus achilles (1) (SL: 8.8 cm, from a private aquarium), 
Acanthurus lineatus (1) (SL: 16.4 cm, from a private aquarium). 
Perciformes (= Serraniformes sensu Lautredou et al. (2013)), Per- 
cidae: Perea fluviatilis (2) (SL: 36.2 cm; 37.5 cm, purchased at fish¬ 
monger, France), Sander lucioperca (1) (SL: 59.6 cm, purchased 
at fishmonger, France), Sebastidae: Sebastes norvegicus (2) (SL: 


35.1 cm; 44.9 cm, purchased at a fishmonger, France), Triglidae: 
Trigla lyra (2) (SL: 24.5 cm), one isolated head (HL: 10.4 cm, 
purchased at the fish auction of Concarneau, Concarneau, France, 
fished off the East Atlantic Ocean coast). 

To complete this study, we had the opportunity to participate 
to the dissection of an animal that cannot be considered as “fish”. 
Tetrapoda, Amniota, Crocodylidae: Alligator sinensis (1) (TL: 
145 cm, from “La Planete des crocodiles”, Civeaux, France). 

For better observations and practical purposes, dissec¬ 
tions were conducted on fresh specimens. After dissection, 
most of these specimens were not in a state that enables their 
acceptation for preservation in a systematic collection and 
have not been preserved. Dissections were conducted using 
common dissection tools (scalpels, scissors, forceps,...) and 
methods (Chanet, 2011). Parasagittal mechanical sections 
were performed using an electric meat saw (La Bovida, BG) 
to observe the structure of the thyroid gland on large speci¬ 
mens (Figs 1,2). For some species, like the oceanic sunfish 
(M. mola , Molidae), identification of the thyroidian tissue 
has been confirmed through histological analyses (the slides 
are deposited in the Laboratoire d’Anatomie comparee at 
ONIRIS, Nantes). Several colleagues (D. Adriens, Univer¬ 
sity of Ghent, Ghent, Belgium; T. Passos de Andrade, Uni- 
versidade Estadual do Maranhao, Tirirical, Sao Luts, Brazil) 
kindly provided images of microscopic preparations of the 
thyroid for several species (the slides are deposited in their 
respective laboratories). Observations have been confirmed 
and completed by the description of the thyroid gland struc¬ 
ture found in the literature for 220 species. Data are com¬ 
pelled in Appendix I and they represent a total of 288 species 
belonging to 136 families, 20 and 109 of which belong to 
Chondrichthyes and Actinopterygii, respectively. 

The identified anatomical characters have been mapped 
on phylogenetic trees reconstructed from the data of Jan¬ 
vier (2009), Li (2008), Broughton (2010) and Betancur-R 
et al. (2013a). According to recent vertebrate phylogenies, 
Cyclostomota is considered as a clade (Takezaki et al. 2003, 
Shimeld and Donoghue, 2012; Osi et al., 2012). As the dis¬ 
tribution of the studied characters is not really confronted 
to this data, mapping of characters onto phylogenies may 
appear as invalid. However, there are three main reasons 
for using this method: i) similarities in anatomy are often 
overlooked until there is new evidence pointing out sur¬ 
prising sister-group relationships, ii) this approach is suit¬ 
able for broadly defined characters, or characters for which 
hypotheses of homology cannot be yet confidently proposed 
at the beginning of a study (Grandcolas et al., 2001), iii) 
the benefit must be extracted from inductive consilience of 
independent data. This method has been successfully used 
by many authors, like Parenti (1987), Brooks and McLen¬ 
nan (1991), Block et al. (1993), Miya and Nishida (1996), 
O’Toole (2002), Chanet (2003), Suzuki et al. (2004), Chanet 
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Figure 4. - Diagram of the anterior part of a platyfish, Xiphophorus 
sp. (Poecillidae), showing the distribution of thyroid islets: white 
circles indicate the ones in normal position while black circles indi¬ 
cate the ones in ectopic position, pattern 3. Modified from Baker 
et al., 1955. The black arrow indicates the anterior part, br = brain; 
ceph.k = cephalic kidney; cho = choroid; c.art = conus arteriosus; 
v = ventricle; v.ao = ventral aorta. 


et al. (2013) and was discussed by Grandcolas et al. (2004), 
among many others. 



] at v 


Figure 1. - Sagittal section of a frozen small-spotted catshark, Scyl- 
iorhinus canicula (Scyliorhinidae); left lateral view. The black 
arrow indicates the anterior part of the specimen. The thyroid 
gland is compact, pattern 1. Modified from Chanet et al., 2009a. 
br = brain; cart.pe = cartilaginous pericardium; chc = chondroc- 
ranium; el.br.sk = elements of the branchial skeleton; m = mouth; 
olf.cap = olfactive capsule; th = thyroid; v = ventricle. Scale 
bar = 10 mm. 

Figure 2. - Sagittal section of a frozen common carp, Cyprinus car- 
pio (Cyprinidae); right lateral view. The black arrow indicates the 
anterior part of the specimen. Several thyroidian islets are seen; the 
thyroid is diffuse, pattern 2. ant.ch.gs.bl = anterior chamber of the 
gas bladder; at = atrium; b.c = buccal cavity; bl.v = blood vessels; 
br = brain; 1 = liver; th.i = thyroid islets; v = ventricle; v.ao = ven¬ 
tral aorta. Scale bar = 10 mm. 

Figure 3. - Dissection of the bucco-branchial region of a common 
sole, Solea solea (Soleidae); right lateral view. The black arrow 
indicates the anterior part of the specimen. Several thyroidian islets 
are seen; the thyroid is diffuse, pattern 2. Modified from Chanet, 
2011. b.c = buccal cavity; g = gills; th.i = thyroid islets; u = uro- 
hyal. Scale bar = 10 mm. 


RESULTS 

The structure of the thyroid gland has been investigated 
in 288 species using dissections, histology and analysis of 
literature (Appendix I); five thyroidian patterns were identi¬ 
fied [see Appendix I for references]: 

i) Pattern 1\ the thyroid forms a compact gland. The 
gland is composed of a unique and large lobe, ventrally 
attached to the ventral aorta (Fig. 1) and often buried in a 
loose connective tissue. A thyroid compact gland can have 
various shapes, crescent-shaped or disc-shaped. In some 
species, as protopterids, the gland can be organised in two 
lobes (for examples in Appendix I) (Parker, 1890; Olivereau, 
1959; Chavin, 1976). A compact thyroid was described in all 
studied chondrichthyans (Fig. 1), in sarcopterygians (coe- 
lacanth, lungfishes, and tetrapods), and in actinopterygians 
(cladistians, acipenserids, polyodontids, lepisosteids, oste- 
oglossomorphs, and some acanthomorph families) (Appen¬ 
dix I). Matthews (1948) described the thyroid gland of a par- 
rotfish (Scams hoefleri, Scaridae) as being compact. But, a 
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Figure 5. - Section in the branchial region of a longsnout seahorse, 
Hippocampus reidi (Syngnathidae). The thyroid is diffuse, pattern 
2. c = colloid; m = muscles; th.i = thyroidian islet; v = vein. Histo¬ 
logical preparation by Dr D. Adriens. Scale bar = 100 pm. 

Figure 6. - Sagittal section of the buccal region of a cobia, Rach- 
ycentron canadum (Rachycentridae). The thyroid is composed 
of gathered lobes, pattern 4. b.c = buccal cavity; cart = cartilage; 
m = muscles; th.f = thyroidian follicle; th.l = thyroidian lobe; 
v.ao = ventral aorta. Histological preparation by Dr T. Passos de 
Andrade. Scale bar = 1 mm. 



Figure 7. - Diagram of the 
anatomy of the thyroid gland 
of a yellowfin tuna, Thun- 
nus albacares (Scombridae); 
ventral view. The thyroid is 
composed of gathered lobes, 
pattern 4. The black arrow 
indicates the anterior part, 
a.br.a = afferent branchial 
artery; th.l = thyroidian lobe; 
v.ao = ventral aorta. Modi¬ 
fied from Honma, 1957. Scale 
bar = 5 mm. 


reexamination of his figure 1 (p. 254) shows that the shape 
of the various lobes is clearly visible. The gland corresponds 



Figure 8. - Close-up of the thyroid gland of an angler, Lophius pis- 
catorius (Lophiidae); right lateral view. The thyroid is embedded in 
a blood sinus, pattern 5. The black arrow indicates the anterior part 
of the specimen, ly.v = lymphatic vessels; th.a = thyroidian artery; 
th.s = thyroidian sinus. Modified from Chanet et al., 2013. Scale 
bar = 3 mm. 



Figure 9. - Detail of the anatomy of the thyroid gland of an angler, 
Lophius piscatorius (Lophiidae); ventral view. The black arrow 
indicates the anterior part. Modified from Burne, 1927. ly.v = lym¬ 
phatic vessel; th.g = thyroid gland; th.t = thyroidian tissue; 
v.ao = ventral aorta. 

rather to a gathering of thyroidian lobes (pattern 4). 

ii) Pattern 2; the thyroid gland is diffuse with scattered 
islets of follicles in the branchial region close to the ventral 
aorta (Figs 2, 3,4, 5). This pattern is present in cyclostomes, 
in Amia calva, and in the majority of teleosteans, including 
elopomorphs (Appendix I). 

iii) Pattern 3: the thyroid gland is composed of islets of 
follicles disseminated in the branchial region and ectopic thy¬ 
roidian follicles in the cephalic kidney, in the choroid region 
and along large blood vessels (Fig. 4). This type of follicle 
organisation was described in the literature in Engraulidae, 
in most of the Cyprinidae, in Siluriformes, in one salmonid 
(■Oncorhynchus mykiss) and in several acanthomorph fami¬ 
lies [Atherinopsidae, Synbranchidae, two families of the 
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Cyprinodontiformes (Notobranchiidae and Poecillidae), and 
in a polynemid ( Polynemus sexfilis )] (Appendix I). 

iv) Pattern 4\ the thyroidian follicles form lobes, which 
are more or less gathered and attached to the ventral aorta 
(Figs 6,7). Such organised lobes are present in: one cyprinid 
(Tribolodon ezoe), Scombridae, Trichiuridae, Scaridae, one 
labrid ( Semicossyphus reticulatus), Oplegnathidae, Carangi- 
dae, Coryphaenidae, Rachycentridae, Echeneidae, Sphyrae- 
nidae, Istiophoridae and Xiphiidae (Appendix I). 

v) Pattern 5; The thyroid gland forms a compact gland 
included in a blood sinus that is dorsal to the ventral aorta 
(Figs 8,9). Among vertebrates, this pattern was observed 
only in Lophiiformes and Tetraodontiformes (Appendix I). 

As cited in the literature, the identification of the five 
thyroidian patterns described above could be problematic. 
The anatomy of the thyroid gland of Echeneis naucrates 
(Carangidae) is mentioned by Honma and Yoshie (1974). 
These authors wrote (p. 268) “the main part of the thyroid 
gland located on the dorsal surface of the ventral aorta”, 
suggesting, without assessing it, that this gland is composed 
of more or less gathered lobes (pattern 4), as observed in 
other carangid species (Appendix I). Nussbaum-Hilarowicz 
(1923) described superficially the thyroid gland of the eury- 
pharyngid fish, Eurypharynx sp., as a more or less compact 
gland. Tchernavin (1947: 384) wrote that “to the naked eye 
the gland appears as a compact organ, light orange in col¬ 
our” in Eurypharynx sp. But, a few lines further, he indicated 
that “the follicles are loosely connected with each other ” and 
that, in this species, this gland could be considered as diffuse, 
pattern 2, like in the other anguilliform species (Appendix I). 
Consequently, pending new evidence the thyroidian patterns 
for these species are cautiously indicated between commas 
in Appendix I. 

If the study of the thyroid gland reveals an anatomical 
diversity, the histology of the gland does not differ among 
vertebrates (Porreca, 2010). Our analyses of both literature 
and histological preparations confirm this statement. Either 
compact or more or less dispersed, the thyroid gland is con¬ 
stituted of follicles (Figs 5,6). Each follicle is lined by a 
layer of cubic epithelial cells the size of which varies accord¬ 
ing to species and the functional state of the gland. These 
cells release an acidophilic secretion in the lumen of the fol¬ 
licle: the colloid that stores the active thyroidian molecules 
(Eales, 1979; Geven, 2009). 

As in tetrapods, in fish, when the thyroid gland is active, 
the thyroidian cells are cuboidal and the follicles show few 
colloid with numerous vacuoles; reversely, when the gland 
is underactive the epithelial cells are flat and the lumen is 
filled with colloid. The active molecules are released into the 
blood where they fulfil needs owing to the numerous capil¬ 
laries that surround the follicles. 

The thyroid gland was recognised to play a role in the 
growth and the reproduction and during the metamorpho¬ 


sis of Elopomorphes and Pleuronectiformes larvae (Evans 
and Clairborne, 2006; Dufour et al., 2012). Hyperactivity 
was also observed before and during downstream migra¬ 
tion of eels and salmons (Callamand and Fontaine, 1942). 
From a genetic perspective, the same genes (Pax2.1, Pax8 
and Hhex) are expressed in the differentiation of the gland 
among all vertebrate species studied so far (Wendl et al., 
2002; Porreca, 2010). 

Mapping these different patterns on recent vertebrate 
phylogenies (Figs. 10, 11, 12) leads us to propose the fol¬ 
lowing hypotheses: 

1. the presence of a thyroid gland is a synapomorphy of 
vertebrates; 

2. a compact thyroid gland, pattern 1, is a synapomorphy 
of gnathostomes; 

3. a diffuse thyroid gland, pattern 2, extending in the 
branchial region is a synapomorphy of teleosteans, with a 
possible convergence in Amia calva. In osteoglossomorphs, 
the thyroid is compact; it could be interpreted as synapo¬ 
morphy of the group and a reversion from pattern 2 to pat¬ 
tern 1. However, the anatomy of the thyroid gland is largely 
unknown within osteoglossomorphs; 

4. the presence of ectopic thyroidian follicles, pattern 
3, could be the result of both inheritance and convergence. 
It appears that this character-state appeared several times; 
first in the common ancestor of Clupeocephala, followed by 
a reversion in Neoteleostei, and at least three times within 
Acanthomorphes: in Atherinomorphes (Atherinopsidae and 
Synbranchidae), Cyprinodontiformes (Notobranchiidae and 
Poecillidae) and in a polynemid ( Polynemus sexfilis). Nev¬ 
ertheless, the occurrence of ectopic thyroidian islets has to 
be investigated in more species to specify these still putative 
events; 

5. the presence of thyroidian lobes more or less gath¬ 
ered and attached to the ventral aorta, pattern 4, (Fig. 7) is 
a homoplastic character occurring in several subgroups: 
one cyprinid ( Tribolodon ezoe), Giganturidae, Scombridae, 
Trichiuridae, Scaridae, one labrid ( Semicossyphus reticula¬ 
tus), Oplegnathidae, Carangidae, Coryphaenidae, Rachyc¬ 
entridae, the Echeneidae, Sphyraenidae, Istiophoridae, and 
Xiphiidae. These different cases of a thyroid gland organised 
in gathered lobes can be interpreted as convergences, result¬ 
ing of independent and recurrent events. Nevertheless, this 
character-state can support several results as the monophyly 
of Giganturidae and certain relationships within acanto- 
morphs (see discussion); 

6. the presence of a thyroid gland embedded in a blood 
sinus (Fig. 8) dorsal to the ventral aorta, pattern 5, is a pat¬ 
tern in which the gland tissue forms a mesh (Fig. 9) included 
in a blood lacuna (Burne, 1927; Chanet et al., 2012, 2013). 
This pattern is unique to Tetraodontiformes and Fophii- 
formes among vertebrates. It is a probable synapomorphy 
of the clade formed by these two orders, an interpretation 
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already proposed by Chanet et al. (2013); see this publica¬ 
tion for further phylogenetic discussions. 

DISCUSSION 

The thyroid gland, with its histological characteristics, 
is an endocrine gland, which is only present in vertebrates 
and is a derivative of the pharynx (Kunz, 2004). The homol¬ 
ogy of this organ with the endostyle of Urochordata (tuni- 
cates) and Cephalocordata (lancelets) was proposed first by 
Muller (1873) on the basis on the reorganization of the larval 
endostyle into the adult thyroid in lampreys. Then this find¬ 
ing was corroborated by subsequent studies (Marine, 1913; 
Gorbman and Creaser, 1943; Barrington, 1957; Thorpe et 
al., 1972; Thorndyke, 1978; Thorndyke and Probert, 1979; 
Kobayashief al., 1983;Fredrikssonefa/., 1985,1988;Kluge 
et al., 2005). More recently, this hypothesis of primary 
homology was confirmed by: i) the discovery of thyroidian 
hormones in the larvae of the sea skirt, Ciona intestinalis, 
at the metamorphosis stage (Patricolo et al., 2001); ii) com¬ 
parative analyses of expression patterns of endostyle genes 
(Canestro et al., 2008); and iii) sharing of the same molecu¬ 
lar pattern in the setting up of the thyroid in vertebrates and 
in the endostyle in non-vertebrate chordates (Canestro et al., 
2008). Conservation of these molecular and genetic process¬ 
es in setting up of the endostyle and the thyroid gland reveals 
structural homologies that support a common evolutionary 
origin (Hiruta et al., 2005; Canestro et al., 2008). 

Even if the development of the thyroid gland differs 
between extant cyclostome genera (Ota and Kuratani, 2008), 
only petromyzodontid larvae possess an endostyle (Marine, 
1913) and the thyroid is a diffuse gland (Reese, 1902; Stock- 


ard, 1906; Marine, 1913; Waterman and Gorbman, 1963; 
Suzuki, 1985; Henderson, 1997; Ota and Kuratani, 2008). 

Within vertebrates, a scheme of thyroid gland evolution 
can be proposed. Mapping of the different patterns (Figs 10, 
11, 12) leads to conclude that a diffuse thyroid gland, pat¬ 
tern 2, is the primitive state for vertebrates and that the con¬ 
vergent presence of a diffuse gland is either a reversion that 
has occurred at least in teleosteans or a character state inde¬ 
pendently acquired in teleosts. A compact thyroid, pattern 
1, appears to be the widespread character state for gnathos- 
tomes. It is present in chondrichthyans, in sarcopterygians 
(coelacanth, lungfishes, and tetrapods), cladistians, acipens- 
erids, polyodontids, lepisosteids and some teleosteans (osteo- 
glossomorphs and a few acanthomorphs). Honma (1968) 
pointed out the similarity of the thyroid of Latimeria cha- 
lumnae with the one of selachians and Griffith et al. (1974) 
wondered if this similarity was due to convergence or reten¬ 
tion from a common ancestor. The present work supports the 
retention hypothesis and the status of synapomorphy for the 
presence of a compact thyroid for the gnathostomes. A dif¬ 
fuse gland, pattern 2, is known in most teleosteans (Appen¬ 
dix I) and in bowfin, Amia calva (Hill, 1935; Jaroszewska 
and Dabrowski, 2009). This presence could be viewed as a 
synapomorphy of the halecostome clade, gathering teleosts 
and Amiidae. However, the existence of this clade is actu¬ 
ally controversial (Arratia, 2001; Broughton et al., 2013) as 
several studies, anatomical (Grande, 2010), molecular (e.g. 
Kikugawa et al., 2004; Li et al., 2008; Santini et al., 2009; 
Near et al., 2012; Betancur-R. et al., 2013a) and histological 
(Sire and Meunier, 1993; Meunier, 2011) present evidence to 
support the Holostei as a clade. In contrast, some other mor¬ 
phological studies plead for the paraphyly of this group (e.g. 
Patterson, 1973; Arratia, 1999). Consequently, the interrela¬ 
tionships of these groups are shown as a polytomy and a dif- 
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Figure 10. - Distribution of the thyroid¬ 
ian patterns in Vertebrates. The inter¬ 
relationship tree has been reconstruct¬ 
ed from Li (2008), Janvier (2009), 
Broughton (2010) and Betancur-R et 
al. (2013b). See text and Appendix I for 
details. 
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Figure 11.- Distribution of the thyroid- 
ian patterns in Teleostei. The interre¬ 
lationship tree has been reconstructed 
from Li (2008), Broughton (2010) and 
Betancur-R et al. (2013b). See text and 
Appendix I for details. 
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Figure 12. - Distribution of the thy- 
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R et al. (2013b). See text and Appendix 
I for details. 
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fuse thyroid gland is considered as a synapomorphy of teleo- 
steans with a possible convergence in Amia calva (Fig. 10). 

Most teleost species present a diffuse gland with some 
cases of compact thyroid or gathered lobes in some sub¬ 
groups (Appendix I). One of the strangest thyroidian pat¬ 
terns is the scattering of ectopic thyroidian follicles from the 
branchial region to large blood vessels, the cephalic kidney 
and the choroid region (Fig. 4) that means far away from the 
ventral aortic region (Fournie et al., 2005). This pattern 3 is 
present in Engraulidae, in most Cyprinidae, at least in cer¬ 
tain Siluriformes, in one salmonid (Oncorhynchus mykiss), 


in two atherinomorph families (Atherinopsidae and Syn- 
branchidae), in two families of the Cyprinodontiformes 
(Notobranchiidae and Poecillidae) and in a polynemid spe¬ 
cies (Polynemus sexfilis ) (Appendix I). In teleosts, this 
presence of ectopic follicles can be interpreted as either an 
inheritance from the common ancestor of the Clupeocephala 
with recurrent loss of this character-state in many groups or 
the result of independent acquisitions: one in the common 
ancestor of Clupeomorpha and Ostariophysii and several 
independent ones in Salmonidae and acanthomorphs. Within 
Acanthomorpha, this pattern occurs in non-related groups. 
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such as Atherinomorphes and Cyprinodontiformes, on the 
one hand, and Polynemidae, on the other hand. The most 
parsimonious solution is to interpret this distribution as the 
result of independent events. It could be interesting to follow 
the setting-up of pattern 3 during the ontogeny of some spe¬ 
cies belonging to these groups to decipher possible homolo¬ 
gies and point out the mechanisms of these convergences. 

In most acantomorph species, the thyroid is a diffuse 
gland (Appendix I). A gathering of thyroidian lobes (pat¬ 
tern 4) is present in several groups: Scombridae, Trichiu- 
ridae, Scaridae, Oplegnathidae, a labrid species and some 
Carangimorphariae (= Carangimorpha sensit Li et al., 2009) 
like Carangidae, billfishes (= Istiophoriformes, gathering 
Xiphiidae and Istiophoridae), barracudas (Sphyraenidae), 
cobias (Rachycentridae), dolphinfishes (Coryphaenidae) and 
probably remoras (Echeneidae) (see comments above). This 
pattern seems than to have occurred several times in vari¬ 
ous groups (Fig. 12), but it may provide as well phylogenetic 
information supporting several previously proposed relation¬ 
ships. This is the case of the evolutionary relation between 
Scombridae and Trichiuridae, which share a common ances¬ 
tor (Li, 2008; Meynard et al. 2012; Near et al. 2013) and are 
members of Scombriformes ( sensu Betancur-R et al., 2013a; 
Near et al., 2013). In other families of this group (i.e. Arripi- 
dae, Bramidae, Centrolophidae, Chiasmodontidae, Gem- 
pylidae, Icosteidae, Nomeidae, Scombrolabracidae and Stro- 
mateidae), the anatomy of the thyroid gland is unexplored 
except for Pomatomus saltatrix, Pomatomidae, Scombri¬ 
formes, where the gland is diffuse (Gudernatsch, 1910). 
More anatomical studies on numerous Scombriformes spe¬ 
cies are needed to specify whether this thyroidian character- 
state (pattern 4) provides information to decipher Scombri¬ 
formes relationships. 

Regarding Carangimorphariae, several studies have 
shown that the families Xiphiidae, Istiophoridae, Sphyraeni¬ 
dae, Carangidae, Rachycentridae, Echeneidae and Corypha¬ 
enidae share a common ancestor (Li, 2008; Li et al. 2009; 
Betancur-R et al., 2013a; Near et al., 2013) and possess a 
thyroid gland composed of gathered lobes (pattern 4; Appen¬ 
dix I). We might suppose that the anatomy of their thyroid 
could support this relationship. However, within Carangi¬ 
morphariae, numerous species, like all flatfish species, pos¬ 
sess a diffuse thyroid gland and the anatomy of the gland is 
unknown for several caranginomorph families, like Centro- 
pomidae, Lactariidae, Leptobramidae, Menidae or Nematis- 
tiidae. Then, the presence of a thyroid gland composed of 
gathered lobes cannot be interpreted for now as an inheri¬ 
tance from common ancestor of all Carangimorphariae. 
Nevertheless, the anatomy of the thyroid gland may support 
two well-established phylogenetic relationships within this 
group: (1) for billfishes (families Istiophoridae and Xiphii¬ 
dae); (2) for jacks, dolphinfishes, cobias and remoras (Car¬ 
angidae, Coryphaenidae, Rachycentridae and Echeneidae, 


respectively). The close relationships of Istiophoridae and 
Xiphiidae were established using numerous anatomical and 
molecular studies (e.g. Collette et al., 1984, 2006; Little et 
al. 2010; Meynard et al., 2012; Betancur-R et al., 2013a; 
Near et al., 2013), this thyroidian character-state (pattern 4) 
may support this relationship. Likewise, within Carangimor¬ 
phariae, the close relationship between Carangidae, Cory¬ 
phaenidae, Rachycentridae and Echeneidae was proposed, 
based on both anatomy (Johnson, 1984; O’Toole, 2002) and 
sequence comparisons (Betancur-R et al., 2013a; Near et al., 
2013). The existence of this clade, Echeneoidea, may be sup¬ 
ported by the structure of the thyroid gland as well. 

Finally, Chanet et al. (2013) recently proposed that the 
presence of a thyroid gland embedded in a blood sinus dorsal 
to the ventral aorta is a synapomorphy of tetraodontiforms 
and lophiiforms. This disposition, first described by Burne 
(1927), observed by MRI in oceanic sunfish, Mola mola 
(Chanet et al., 2012) and confirmed by Chanet et al. (2013), 
is unique within vertebrates and is an important anatomical 
character corroborating a close phylogenetic relationship 
between anglers (Lophiiformes) and plectognaths (Tetrao- 
dontiformes). This phylogenetic hypothesis of relationships 
was first assessed by analysis of gene sequences (Miya et 
al., 2003, 2005; Dettai and Lecointre, 2004, 2005, 2008; 
Yamanoue et al., 2007; Mabuchi et al., 2007; Holcroft and 
Wiley, 2008; Li, 2008; Santini et al., 2009; Yagishita et al., 
2009; Matschiner et al., 2011; Meynard et al., 2012; Near et 
al., 2012,2013). 

The present study provides hypotheses about the thyroid 
gland history in vertebrates, and leads us to propose the fol¬ 
lowing scenario for the evolution of this organ. The thyroid 
gland originated from the endostyle, still present in extant 
Urochordata (tunicates), Cephalocordata (lancelets), and 
lamprey embryos. Regarding the distribution of the different 
thyroidian patterns within vertebrates, it is possible to spec¬ 
ify that the thyroid gland was diffuse in the common ances¬ 
tor of vertebrates, became compact in the common ancestor 
of gnathostomes, and diffuse again in, at least, the common 
ancestor of Teleostei. Then, in non-teleostean groups [Sar- 
copterygii (coelacanth, lungfishes and tetrapods), Cladis- 
tia, Acipenseridae, Polyodontidae and Lepisosteidae], the 
gland remained compact while in most teleostean species, it 
became diffuse. Within Teleostei, the structure of the gland 
was modified several times; from a reversion to compact 
gland in Osteoglossomorphes to independent scatterings of 
thyroidian islets into other organs (from heart, to cephal¬ 
ic kidney and choroid) in some groups. Moreover, several 
recurrent cases of gathering of thyroidian lobes occurred 
in some of them (Istiophoridae and Xiphiidae, on the one 
hand, Carangidae, Coryphaenidae, Rachycentridae and 
Echeneidae, on the other hand) can support the existence of 
these groups as clades. A peculiar organisation of the gland. 
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embedded in a blood lacuna, appeared in the common ances¬ 
tor of Lophiiformes and Tetraodontiformes. 

CONCLUSION 

This work is the first to report on thyroid gland structure 
among vertebrates and especially in “fishes” (cyclostomes, 
sharks, skates, dipnoans, salmons and dolphinfishes). We 
provide numerous original observations and gathers data 
about the thyroid gland structure in 288 “fish” species, and 
propose some phylogenetic interpretations. The latter seem 
promising, but we have to bear in mind that they are only 
tentative, as more than 32800 extant species of this grade are 
known (Fishbase, May 2014), while data for only several 
hundred species have been examined until now. The hypoth¬ 
eses and conclusions presented here have to be corroborated 
or infirmed by the examination of the thyroid gland structure 
in more species representative of more families, and possibly 
by the study of thyroid gland development in more species 
with inputs on the genetic control of the setting up of the thy- 
roidian function. The observation of thyroid gland anatomy 
requires fine dissections of unpreserved specimens and can 
be a challenge. The details of thyroid gland organization can 
be identified by histological studies, but for large sample of 
species, investigations using medical imaging, like magnetic 
resonance imaging (MRI), could be promising. Chanet et al. 
(2012) had the chance to observe by RMI the large thyroid 
gland of the huge oceanic sunfish (M. mold, Molidae) but 
could not detect it by MRI on an angler ( Lophius piscato- 
rius, Lophiidae) (Chanet et al., 2012) or smaller specimens, 
like common carp (C. carpio, Cyprinidae) (Chanet et al., 
2009b) and common mackerel ( S. scombrus, Scombridae) 
(Chanet and Guintard, 2012). On the site of the Digital Fish 
Library (http://www.digitalfishlibrary.org), the compact thy¬ 
roid gland can be detected for large shark species. However, 
the observation of the gland structure is not yet possible for 
other smaller species. Null et al. (2008) investigated by MRI 
(18.8 Tesla) successfully and in vivo the internal anatomy of 
a small animal: a fruit fly. Drosophila sp. We hope that in a 
near future this kind of examination could be conducted eas¬ 
ily on small fresh (dead or anesthetised) or alcohol-preserved 
vertebrates to study the anatomy of the thyroid gland. There¬ 
fore, we view the present study as an attempt to specify our 
present knowledge about the anatomy and evolution of the 
thyroid gland in vertebrates and as a cornerstone to orientate 
future works, encourage and promote again soft anatomy 
studies (using both dissections and histological examina¬ 
tions) and possibly non-invasive imaging techniques. 

Acknowledgments. - We are indebted to many persons for their 
advice, support, technical help and translations (especially from 
Russian and Japanese), access to data and loan of specimens. We 


would like to express our sincere gratitude to each of them. 

They are: D. Adriens (University of Ghent, Ghent, Belgium). M. Baillet 
(Carquefou, France),E. Betti (ONIRIS, Nantes, France). FI. Brooks (Virgin¬ 
ia Institute of Marine Science, The College of William and Mary, Glouces¬ 
ter Point, Virginia, USA), P. Bugnon (ONIRIS.Nantes, France), S. Calvez 
(ONIRIS, Nantes, France), G. Carfantan (Maison de la baie, Hillion, 
France), C. Cauchie (Douai, France), J.L. Chanet (Vitry-sur-Seine, France), 
F. Chapleau (Department of Biology, University of Ottawa, Ontario, Cana¬ 
da), Y. Cherel (UMR 703 INRA/ENVN, Oniris, Nantes, France), M. Comte 
(ONIRIS, Nantes,France), C. Coste (ONIRIS, Nantes, France), D. Davesne 
(ISYEB,UMR7205 CNRS-MNHN-UPMC-EPHE,Paris,France), J.F. Dej- 
ouannet (UMR 7138 CNRS and pole dessin UMS 2700 CNRS, MNHN, 
Paris, France), J.C. Desfontis (ONIRIS. Nantes, France), S. Dufour (UMR 
7208, CNRS-IRD-MNHN-UPMC, BOREA, Paris, France), G. Duhamel 
(UMR 7208, CNRS-IRD-MNHN-UPMC, BOREA, Paris, France), J. East¬ 
man (Department of Biomedical Sciences, College of Osteopathic Medi¬ 
cine, Ohio University, Athens. Ohio. USA), C. Gargani (Aquarium Mare 
Nostrum, Montpellier, France), S. Gauvain (Douarnenez, 29, France), 

F. Giarratana (Polo Universitario dell’Annunziata, Messina, Italy), C. Guin¬ 
tard (ONIRIS, Nantes, France), M. Hignette (Aquarium de la Porte Doree, 
Paris, France), K. Hoshino (Faculty of Fisheries. Hokkaido, Japan), 
N. Khanaychenko (Ichthyology Department, IBSS, Sebastopol, Ukraine), 

G. Lecointre (ISYEB, UMR^7205 CNRS-MNHN-UPMC-EPHE, Paris, 
France),F. Lusignan (Libreville, Gabon).T. Munroe (Smithsonian Institu¬ 
tion, Washington, USA), W. Naksri (University of Mahasarakham, Thai¬ 
land), J. Naudeau (Aquarium de Vannes, France), O. Otero (UMR 6046, 
Institut International de Paleoprimatologie, Universite de Poitiers, France), 
C. Ozouf-Costaz (CNRS, Paris, France), E. Parmentier (Lab. Morphologie 
fonctionnelle, Liege, Belgique), S. Pascal (Aquarium de Tregastel, France), 
C. Picard (ONIRIS, Nantes, France), T. Passos de Andrade (Universidade 
Estadual do Maranhao, Tirirical, Sao Luis, Brasil), T.W. Pietsch (Univer¬ 
sity of Washington, Seattle, USA), D.F. Putra (National Taiwan Ocean 
University, Keelung, Taiwan), P. Romans (Aquarium du Biodiversarium, 
Observatoire Oceanologique de Banyuls-Laboratoire Arago UPMC-UMS 
2348, Banyuls-sur-Mer, France), H. Schmidt-Posthaus (University of Bern, 
Bern, Switzerland), E. Voronina (Zoological Institute, Russian Academy 
of Sciences St. Petersburg, Russia). F. Ziemski (Hemisphere Sub / Biotope 
Oceans, Saint- Briac, France). 

Specials thanks are expressed to C. Lord (UMR 7208, CNRS-IRD-MNHN- 
UPMC, BOREA,, Paris, France) for having improved the quality of a first 
version of the manuscript. We express as well our gratitude to the two anon¬ 
ymous reviewers for helpful comments on the manuscript. This work was 
supported by the Fondation TOTAL (project “Classification des poissons 
marins : les teleosteens acanthomorphes”). Any experiments conducted in 
this work comply with the current laws of the country, in which they were 
performed. 


REFERENCES 

ABBAS H„ AUTHMAN M.M.,ZAKI M.S. & MOHAMED G.F., 
2012. - Effect of seasonal temperature changes on thyroid struc¬ 
ture and hormones secretion of white grouper ( Epinephelus 
aeneus ) in Suez Gulf, Egypt. Life Sci. J., 9(2): 700-705. 

ABOL-MUNAFI A.B., EFFENDY A.M. & SOH M.A., 2005. - 
Effect of exogenous thyroxine on morphology and develop¬ 
ment of thyroid gland in marble goby Oxyeleotris marmoratus 
Bleeker larvae. J. Anim. Vet. Adv., 4(7): 624-629. 

ADDISON W.H.F. & RICHTER M.N.. 1932. - A note on the thy¬ 
roid gland of the sword fish ( Xiphias gladius L.). Biol. Bull., 
43: 472-746. 

AGRAWALA N. & DIXIT R.K., 1979. - Seasonal variations in the 
pharyngeal and pronephric thyroid tissues of the fresh water 
teleost Puntius sophore (Ham). Z. Mikrosk. Anat. Forsch., 
93(1): 138-46. 

AJUHA S.K. & CHANDY M„ 1962. - Occurrence of thyroid folli- 
cules in the kidney of Catla catla. In: Proc. 49 th Indian Sci. 
Congr., Abstracts, 359. India: ISCAed. 


98 


Cybium 2014, 38(2) 


Chanet & Meunier 


Thyroid gland of “fishes” 


AL-HUSSAINI A.H. & RIZKALLA W., 1957. - The thyroid gland 
of the cichlid fish Tilapia nilotica. I. The thyroid gland. Ain 
Shams Sci. Bull. ,9: 85-106. 

ALT B.. REIBE S„ FEITOSA N.M., ELSALINI O.A., WENDL T. 
&. ROHR K.B.. 2006. - Analysis of origin and growth of the 
thyroid gland in zebrafish. Dev. Dyn., 235: 1872-1883. 

ARRATIA G., 1999. - The monophyly of Teleostei and stem-group 
teleosts. Consensus and disagreements. In: Mesozoic Fishes 2 
and Fossil Record (Arratia G. & Schultze H.P., eds), pp. 265- 
334, Verlag Dr. F. Pfeil, Miinchen. 

ARRATIA G., 2001. - The sister-group of Teleostei: consensus and 
disagreements. J. Vert. Paleontol., 21: 767-773. 

BABER E.G., 1881. - Researches on the minute structure of the 
thyroid gland. Phil. Trans. R. Soc. Lond., 172,577-608. 

BAKER K.F., 1958. - Heterotopic thyroid tissue in fishes. I. The 
origin and the development of heterotopic tissue in platyfish. J. 
Morphol., 103: 91-134. 

BAKER K.F., 1959. - Heterotopic thyroid tissue in fishes. III. 
Extrapharyngeal thyroid tissue in Montezuma swordtails, a 
guppy and cherry barb. Zoology, 44: 133-140. 

BAKER K.F., BERG 0., GORBMAN A.. NIGRELLI R.F. & GOR¬ 
DON M., 1955. - Functional thyroid tumors in the kidneys of 
platyfish. Cancer Res. 15: 118-123. 

BALFOUR F.M.. 1881. - Treatise on Comparative Anatomy. 2, 
626 p. London: Macmillan & Co. 

BARRINGTON E.J.W., 1957. - The distribution and significance 
of organically bound iodine in the ascidian Ciona intestinalis 
Linnaeus .J. Mar. Biol. Ass. UK, 36: 1-16. 

BAUCHET A.L., 2006. - Realisation d’un atlas interactif d’histolo- 
gie topographique du poisson medaka ( Otyzias latipes). These 
de doctorat veterinaire, Maison-Alfort, 98 p. http://theses.vet- 
alfort.fr/telecharger.php?id= 1010. 

BETANCUR-R R.. BROUGHTON R.E., WILEY E.O. et al. (21 
authors), 2013a. - The tree of life and a new classification of 
bony fishes. PLOS Curr. Tree of Life. 2013 Apr 18. Edition 1. 
doi: 10.1371/currents.tol.53ba26640df0ccaee75bbl65c8c2628 
8 . 

BETANCUR-R R.. WILEY E.. MIYA M„ LECOINTRE G.. BAIL- 
LY N. & ORTI G., 2013b. - New and revised classification of 
bony fishes, based on molecular data - Version 2. http://www. 
deepfin.org/Classification_v2 .htm. 

BINGXU S., 1978. - The seasonal change of the thyroid gland of 
Trachidermus fasciatus in relation to the seaward migration. 
Oceanol. Limnol. Sin., 1978-02. http://en.cnki.com.cn/Article_ 
en/C JFDTOTAL-H YFZ197802010 .htm. 

BINGXU S., CHANGXIE S.. WUNING W.Z. & TONGRUN C„ 
2010. - Structure and ultrastructure of thyroid gland of Macrura 
reevesii during anadromous migration. Oceanol. Limnol. Sin., 
1981-06. http://en.cnki.com.cn/Article_en/CJFDTOTAL- 
H YFZ 198106009 .htm. 

BLASIOLA G.C. Jr, TURNIER J.C. & HURST E.E., 1981. - Meta¬ 
static thyroid adenocarcinomas in a captive population of kelp 
bass, Paralabrax clathratus. J. Natl. Cancer Inst., 66: 51-59. 

BLOCK B.A., FINNERTY J.R., STEWART A.F.R. & KIDD J„ 
1993. - Evolution of endothermy in fish: mapping physiologi¬ 
cal traits on a molecular phylogeny. Science, 260: 210-214. 

BORUCINSKA J.D. & TAFUR M„ 2009. - Comparison of histo¬ 
logical features, and description of histopathological lesions in 
thyroid glands from three species of free-ranging sharks from 
the northwestern Atlantic, the blue shark, Prionace glauca (L.), 
the shortfin mako, Isurus oxyrhinchus Rafinesque, and the 
thresher, Alopias vulpinus (Bonnaterre). J. Fish Dis., 32(9): 
785-793. 


BOSE M. & FIROZ A., 1978. - Histophysiological studies on the 
functional renal thyroid follicles in the fresh water fish Mystus 
vittatus, Z. Tierphys. Tierern. Futtermit., 40(1-6): 155-158. 

BOUGIS R & RUIVO M., 1954. - Recherches sur le poisson de 
profondeur Benthocometes robustus (Goode & Bean) (= Pteri- 
dium armatum, Doederlein) (Brotulidae). Vie Milieu, suppl. 3: 
155-209. 

BOUGIS R & RUIVO M.. 1957. - Contribution a la connaissance 
de la morphologie et de la thyroide de Bathypterois dubius 
Vaillant. Vie Milieu, suppl. 6: 185-204. 

BRAR N.K., 2009. - Evidence of thyroid endocrine disruption in 
shiner perch ( Cymatogaster aggregata) residing in San Fran¬ 
cisco Bay. Master’s Thesis, 89 p. California State Univ., Long 
Beach. 

BRAR N.K., WAGGONER C., REYES J.A., FAIREY R. & KEL¬ 
LEY K.M., 2010. - Evidence for thyroid endocrine disruption 
in wild fish in San Francisco Bay, California, USA. Relation¬ 
ships to contaminant exposures. Aquat. Toxicol., 96: 203-215. 

BROOKS D.R. & McLennan DA., 1991. - Phylogeny, Ecology, 
and Behavior: a Research Program in Comparative Biology. 
434 p. Chicago Univ. Press. 

BROUGHTON R.E., 2010. - Phylogeny of teleosts based on mito¬ 
chondrial genome sequences. In: Origin and Phylogenetic 
Interrelationships of Teleosts (Nelson J.S., Schultze H.P. & 
Wilson M.V.H., eds), pp. 61-76. Miinchen. 

BROUGHTON R.E.. BETANCUR-R. R., LI C„ ARRATIA G. & 
ORTI G., 2013. - Multi-locus phylogenetic analysis reveals the 
pattern and tempo of bony fish evolution. PLOS Curr. Tree of 
Life. 2013 Apr 16. Edition 1. doi: 10.1371/currents.tol.2ca8041 
495ffafd0c92756e75247483e. 

BROWN S.B., ADAMS B.A., CYR D.G. & EALES J.G., 2004a. - 
Contaminant effects on the teleost fish thyroid. Environ. Toxi¬ 
col. Chem., 3(7): 1680-1701. 

BROWN S.B., EVANS R.E., VANDENBYLLARDT L„ FINN- 
SON K.W., PALACE V.P.. KANE A.S., YARECHEWSKI A.Y. 
& MUIR D.C.G., 2004b. - Altered thyroid status in lake trout 
(Salvelinus namaycush) exposed to co-planar 3,3,4,4,5-pen- 
tachlorobiphenyl. Acpiat. Toxicol., 67: 75-85. 

BURNE R.H., 1927. - A contribution to the anatomy of the ductless 
glands and lymphatic system of the Angler fish ( Lophius pisca- 
torius). Philos. Trans. R. Soc. Lond., B, 215: 8-28. 

BUSER-LAHAYE J. & RUIVO M., 1952. - Facteurs endocrinolo- 
giques dans la biologie de la sardine ( Sardina pilchardus 
Walb.). Topographie de la region thyroidienne : localisation des 
follicules. Revis. Faculd. Cienc. Lisboa, 2 a ser., C. 11(1): 175- 
198. 

CALL AM AND O & FONTAINE M.. 1942. - L’activite thyroidien¬ 
ne de l’anguille au cours de son developpement. Arch. Zool. 
Exp. Gen., 82: 129-136. 

CAMERON A .T. & VINCENT S., 1915. - Note on an enlarged thy¬ 
roid occurring in an elasmobranch fish ( Squalus sucklii). J. 
Med. Res. ,32(2): 251-256. 

CAMPINHO M.A., SWEENEY G.E. & POWER D.M., 2006. - 
Regulation of troponin T expression during muscle develop¬ 
ment in sea bream Sparus auratus Linnaeus: the potential role 
of thyroid hormones. J. Exp. Biol., 209: 4751-4767. 

CANESTRO C., BASSHAM S. & POSTLETHWAIT J.H., 2008. - 
Evolution of the thyroid: anterior-posterior regionalization of 
the Oikopleura endostyle revealed by Otx, Pax2/5/8, and Hoxl 
Expression. Dev. Dyn., 237: 1490-1499. 

CHANET B., 2003. - Interrelationships of scophthalmid fishes 
(Pleuronectiformes: Scophthalmidae). Cybium, 27(4): 275- 
286. 


Cybium 2014, 38(2) 


99 


Thyroid gland of “fishes ” 


Chanet & Meunier 


CHANET B.. 2011. - The pharyngeal thyroid islets in a common 
sole (Solea solea (Linnaeus, 1758)) [Pleuronectiformes: Solei- 
dae]. Cah.Anat. Comp., 3: 8-14. 

CHANET B. & GUINTARD C., 2012. - Proposition for a protocol 
for anatomical studies on collection specimens by magnetic 
resonance imaging. C. R. Biol., 335: 77-79. 

CHANET B.. GUINTARD C., PICARD C.. BUGNON P„ TOU- 
ZALIN F. & BETTI E., 2009a. - Atlas anatomique d’lchtyolo- 
gie. Illustration de dissections de 21 especes. CD-Rom, version 
1.0. Paris : Societe Franjaise d'lchtyologie (ed.). 

CHANET B„ FUSELLIER M„ BAUDET J.. MADEC S. & GUIN¬ 
TARD C., 2009b. - No need to open the jar: a comparative 
study of Magnetic Resonance Imaging results on fresh and 
alcohol preserved common carps (Cyprinus carpio (L. 1758), 
Cyprinidae, Teleostei). C. R. Biol. ,332: 413-419. 

CHANET B„ GUINTARD C., BOISGARD T„ FUSELLIER M„ 
TAVERNIER C.. BETTI E„ MADEC S„ RICHAUDEAU Y„ 
RAPHAEL C.. DETTAI A. & LECOINTRE G„ 2012. - Vis¬ 
ceral anatomy of ocean sunfish (Mola mola (L., 1758). Moli- 
dae, Tetraodontiformes) and angler (Lophiuspiscatorius (L., 
1758), Lophiidae, Lophiiformes) investigated by non-invasive 
imaging techniques. C. R.Biol., 335(12): 744-752. 

CHANET B„ GUINTARD C., BETTI E„ GALLUT C., DETTAI 
A. & LECOINTRE G., 2013. - Evidence for a close phyloge¬ 
netic relationship between the teleost orders Tetraodontiformes 
and Lophiiformes based on an analysis of soft anatomy. Cybi- 
um, 37(3): 179-198. 

CHARMI A.. BAHMANI M., SAJJADI M.M. & KAZEMI R., 
2009. - Morpho-histological study of kidney in farmed juvenile 
beluga, Huso huso (Linnaeus, 1758). Pakistan J. Biol. Sci., 12: 
11-18. 

CHARMI A., PARTO P.. BAHMANI M. & KAZEMI R„ 2010. - 
Morphological and histological study of kidney in juvenile 
great sturgeon. (Huso huso) and Persian Sturgeon (Acipenser 
persicus). Am.-Eurasian J.Agric. Environ. Sci., 7(5): 505-511. 

CHAVIN W., 1956. - Thyroid distribution and function in the gold¬ 
fish, Carassius auratus. J. Exp. Zool., 133: 259-279. 

CHAVIN W., 1972. - Thyroid of the coelacanth, Latimeria chalum- 
nae Smith. Nature, 239: 340-341. 

CHAVIN W., 1976. - The thyroid of the sarcopterygian fishes (Dip¬ 
noi and Crossopterygii) and the origin of the tetrapod thyroid. 
Gen. Comp. Endocrinol., 30: 142-155. 

CHEVERIE J.L. & LYNN W.G., 1963. - High temperature toler¬ 
ance and thyroid activity in the teleost fish, Tanichthys. Biol. 
Bull., 124(2): 153-162. 

CHIBA A. & HONMA Y., 1980. - Histological observation on the 
hypothalamo-hypohyseal system and the thyroid gland of the 
sailfish, Istiophorusplatypterus. Jpn. J. Ichthyol., 27(3): 207- 
214. 

CHIBA A. & HONMA Y., 1981. - Histological observations of 
some organs in the porcupine fish Diodon holacanthus, strand¬ 
ed on the coast of Niigata facing Japan Sea. Jpn. J. Ichthyol., 
28(3): 287-294. 

CHIBAA., YOSHIE S. & HONMA Y„ 1976. - Histological obser¬ 
vations of some organs of the triggerfish Canthidermis rotun- 
datus, stranded on the coast of Niigata facing Japan Sea. Jpn. J. 
Ichthyol., 22(4): 212-220. 

CHIBA A, HONMA Y & USUDA M„ 1978. - Histological obser¬ 
vations on some of the endocrine glands in the ironfish, with 
special regard to the hypophysis. Arch. Histol. Jpn., 41(1): 
53-64. 

CHIBA H„ AMANO M„ YAM AD A H„ FUJIMOTO Y„ OJIMA 
D., OKUZAWA K., YAMANOME T„ YAMAMORI K. & 
IWATA M., 2004. - Involvement of gonadotropin-releasing 
hormone in thyroxine release in three different forms of teleost 


fish: barfin flounder, masu salmon and goldfish. Fish Physiol. 
Biochem., 30: 267-273. 

CHIN B.S., NAKAGAWA M., TAGAWA M., MASUDA R. & 
YAMASHITA Y. 2010. - Ontogenetic changes of habitat selec¬ 
tion and thyroid hormone levels in black rockfish (Sebastes 
schlegelii) reared in captivity. Ichthyol. Res. ,57: 278-285. 

COLE F.J. & JOHNSTONE J., 1902. - Pleuronectes: The Plaice. 
Trans. Liverpool Mar. Biol. Soc., 8: 145-396. 

COLLETTE B.B.. POTTHOFFT., RICHARDS W.J., UEYANAGI 
S., RUSSO J.L. & NISHIKAWA, Y. 1984. - Scombroidei: 
development and relationships. In: Ontogeny and Systematics 
of Fishes (Moser H.G., Richard W.J., Cohen D.M.. Fahay M.P., 
Kendall A.W. & Richardson S.L., eds). Am. Soc. Ichthyol. Her- 
petol., Spec. Publ., 1: 561-620. 

COLLETTE B.C.. McDOWELL J.R. & GRAVES J.E., 2006. - 
Phylogeny of recent billfishes (Xiphioidei). Bull. Mar. Sci., 
79(3): 455-468. 

COMPAGNO L.J.V., 1979. - Coelacanths: shark relatives or bony 
fishes? In: The Biology and Physiology of the Living Coela¬ 
canth, (McCosker J.E. & Lagios M.D.. eds) Occ. Pap. Calif. 
Acad. Sci., 134: 45-52. 

COWDRY E.V., 1921. - Flagellated thyroid cells in the dogfish 
(Mustelus canis),Anat. Rec., 22(5): 289-390. 

CRANE H.M., PICKFORD D.B., HUTCHINSON T.H. & 
BROWN J.A., 2005. - Effects of ammonium perchlorate on 
thyroid function in developing fathead minnows, Pimephales 
promelas. Environ Health Perspect., 113(4): 396-401. 

CROW G.L., ATKINSON M.A., RON B.. ATKINSON S., SKILL- 
MAN A.D.K. & WONG G.T.F., 1998. - Relationship of water 
chemistry to serum thyroid hormones in captive sharks with 
goiters. Aquat. Geochem., 4: 469-480. 

DAESIK P.. MINOR M.D. & PROPER C.R., 2004. - Toxic 
response of endosulfan to breeding and non-breeding female 
mosquitofish. J. Environ. Biol., 25(2): 119-124. 

DETTAI A. & LECOINTRE G., 2004. - In search of nothothenioid 
(Teleostei) relatives. Antarct. Sci., 16(1): 71-85. 

DETTAI A. & LECOINTRE G., 2005. - Further support for the 
clades obtained by multiple molecular phylogenies in the acan- 
thomorphe bush. C. R. Biol., 328: 674-689. 

DETTAI A. & LECOINTRE G., 2008. - New insights into the 
organization and evolution of vertebrate IRBP genes and utility 
of IRBP gene sequences for the phylogenetic study of the Acan- 
thomorpha (Actinopterygii: Teleostei). Mol. Phylogenet. Evol., 
48(1): 258-269. 

DUFOUR S., ROUSSEAU K. & KAPOOR B.G., 2012. - Meta¬ 
morphosis in Fish. 260 p. CRC Press & Enfield, N.H: Science 
Publishers. 

DUNAEVSKAYA E., 2010. - Histological investigations of organs 
and tissues development of Ballan wrasse larvae during 
ontogenesis. Thesis for the degree of Master of Science in 
Aquaculture, 62 p. Bod0 Univ. College, Norway. 

DUNAEVSKAYA E.. AMIN A.B.& OTTESEN O.H., 2012. - Org¬ 
anogenesis of Ballan Wrasse Labrus bergylta (Ascanius 1767) 
Larvae. J.Aquacult. Res. Dev., 3(5): 1-6. 

EALES J.G., 1979. - Thyroid functions in cyclostomes and fishes. 
In: Hormones and Evolution (Barrington E.J.W., ed.) Vol. I., 
pp. 341-436. London: Academic Press. 

EINARSDOTTIR I.E., SILVA N„ POWER D.M., SMARADOT- 
TIR H. & BJORNSSON B.T., 2006. - Thyroid and pituitary 
gland development from hatching through metamorphosis of a 
teleost flatfish, the Atlantic halibut. Anat. Embryol., 211: 47-60. 


100 


Cybium 2014, 38(2) 


Chanet & Meunier 


Thyroid gland of “fishes” 


ESCHMEYER W.N. & FRICKE R., 2010. - Catalog of Fishes. 
World Wide Web electronic publication. (Online Version, 
Updated 9 Sep. 2013). Available at research.calacademy.org/ 
ichthyology/catalog/fishcatmain.asp. 

EVANS D.H. & CLAIRBORNE J.B., 2006. - The Physiology of 
Fishes. 3 rd edit., 601 p. Boca Raton: CRC Press. 

FALK-PETERSEN I.B. & HANSEN T.K., 2001. - Organ differen¬ 
tiation in newly hatched common wolf fish. J. Fish Biol., 59: 
1465-1482. 

FAGMAN H. & NILSSON M„ 2010. - Morphogenesis of the thy¬ 
roid gland. Mol. Cell. Endocrinol., 323(1): 35-54. 

FERGUSON J.S., 1911. - The anatomy of the thyroid gland of 
Elasmobranchs, with remarks upon the hypobranchial circula¬ 
tion in these fishes. Am. J. Anat., 11(1): 51-210. 

FONTAINE M. & FONTAINE Y.A., 1957. - Activites thyreotropes 
differentes en fonction de la temperature d’extraits hypophysai- 
res de mammiferes et d’un teleosteen. C. R. Acad. Sci., 244: 
2339. 

FONTAINE M. & FONTAINE Y.A., 1962. - Thyrotropic hormone 
in lower vertebrates. Gen. Comp. Endocrinol., Suppl. 1: 63-74. 

FORTUNE P.Y., 1953. - Comparative studies of the thyroid func¬ 
tion in teleosts of tropical and temperate habitats. J. Exp. Biol., 
32:504-513. 

FORTUNE P.Y., 1956. - An inactive thyroid gland in Carassius 
auratus. Nature, 178: 98. 

FOURNIE J.W., WOLFE M., WOLF J.C., COURTNEY L.A., 
JOHNSON R.D. & HAWKINS W.E., 2005. - Diagnostic crite¬ 
ria for proliferative thyroid lesions in bony fishes. Toxicol. 
Pathol., 33: 540-551. 

FREDRIKSSON G., OFVERHOLM T. & ERICSON L.E., 1985. - 
Ultrastructural demonstration of iodine binding and peroxidase 
activity in the endostyle of Oikopleura dioica (Appendicularia). 
Gen. Comp. Endocrinol., 58: 319-327. 

FREDRIKSSON G., OFVERHOLM T. & ERICSON L.E., 1988. - 
Iodine binding and peroxidase activity in the endostyle of Salpa 
fusiformis, Thalia democratica, Dolioletta gegenbauri and 
Doliolum nationalis (Tunicata, Thaliacea). Cell Tiss. Res., 253: 
403-411. 

FUJITA H.. SUEMASA H. & HONMAY., 1966. - An electron 
microscopic study of the thyroid gland of the silver eel. Anguil¬ 
la japonica. Arch. Histol. Jpn., 27: 153-163. 

GANECO L.N.. 2007. - Ontogenia da resposta endocrina em larvas 
de matrinxa Brycon amazonicus. enfase nos eixos hipofise-tire- 
oide e hipofise-tecido interrenal. Tese Doutorado em Aquicul- 
tura, 109 p. Sao Paulo. Brasil, http://www.caunesp.unesp.br/ 
publicacoes/dissertacoes_teses/teses/Tese%20Luciana%20 
Nakaghi%20Ganeco.pdf. 

GASH T.A., 2012. - Seasonal thyroid activity in the bonnethead 
shark, Sphyrna tiburo. Master’s Thesis. Texas A & M Univ., 
College Station. 

GENTEN F„ TERWINGHE E. & DANGUY A., 2009. - Atlas of 
Fish Histology. 215 p. Plymouth: Science Publishers. 

GEVEN E J.W., 2009. - Thyroid Physiology in Fish: Integration of 
Neuroendocrine Pathways in the Control of Thyroid Gland 
Activity in Common Carp. 208 p. UB, Nijmegen. 

GEVEN E.J.W.. NGUYEN N.K., VAN DEN BOOGAART M„ 
SPANINGS F.A.T. & FLIK G., 2007. - Comparative thyroidol- 
ogy: thyroid gland location and iodothyronine dynamics in 
Mozambique tilapia (Oreochromis mossambicus Peters) and 
common carp (Cyprinus carpio L.). J. Exp. Biol., 210: 4005- 
4015. 


GISBERT E„ PIEDRAHITA R.H. & CONKLIN D.E., 2004. - 
Ontogenetic development of the digestive system in California 
halibut (Paralichthys californicus) with notes on feeding prac¬ 
tices. Aquaculture, 232(1-4): 455-470. 

GOODEY T., 1910. - Vestiges of the thyroid in Chlamydoselachus 
anguineus, Scyllium catulus and Scyllium canicula. Anat. Anz., 
36: 104-108. ' 

GORBMAN A. & CREASER C.W., 1943. - Accumulation of 
radioactive iodine by the endostyle of larval lampreys and the 
problem of homology of the thyroid. J. Exp. Zool., 89: 391- 
405. 

GOTO-K AZ. F. TO R„ KAZETO Y. & TRANT J.M.. 2003. - Clon¬ 
ing and seasonal changes in ovarian expression of a TSH recep¬ 
tor in the channel catfish, Ictalurus punctatus. Fish Physiol. 
Biochem., 28(1-4): 339-340. 

GRANDCOLAS P., DELEPORTE P.. DESUTTER-GRANDCO- 
LAS L. & DAUGERON C., 2001. - Phylogenetics and ecology: 
as many characters as possible should be included in the cladis- 
tics analysis. Cladistics, 17: 104-110. 

GRANDCOLAS P„ GUILBERT E„ ROBILLARD T.. D'HAESE 
C., MURIENNE J. & LEGENDRE F„ 2004. - Mapping charac¬ 
ters on a tree with or without the outgroups. Cladistics, 20: 579- 
582. 

GRANDE L., 2010. - An empirical synthetic pattern study of gars 
(Lepisosteiformes) and closely related species, based mostly on 
skeletal anatomy: the resurrection of Holostei. Am. Soc. Ichthy- 
ol. Herpetol., Special Publ., 6: 1-871. 

GRAU E.G., HELMS L.M.H., SHIMODA S.K., FORD C.A., LE 
GRAND J. & YAMAUCHI K„ 1986. - The thyroid gland of the 
Hawaiian parrot fish and its uses as an in vitro model system. 
Gen. Comp. Endocrinol., 61: 100-108. 

GRIDELLI S.. DIANA A., PARMEGGIANI A., CIPONE M. & 
PREZIOSI R., 2003. - Goitre in large and small spotted dog¬ 
fish, Scyliorhinus stellaris (L.) and Scyliorhinus canicula (L.). 
J. Fish Dis., 26: 687-690. 

GRIFFITH R.W.. UMMINGER B.L., GRANT B.F., PANG P.K.T. 
& PICKFORD G.E., 1974. - Serum composition of the coela- 
canth, Latimeria chalumnae Smith. J. Exp. Zool., 187: 87-102. 

GUDERNATSCH J.F., 1910. - The thyroid gland of the teleosts. J. 
Morphol., 21(4): 709-782. 

HACHERO-CRUZADO J.B.. ORTIZ-DELGADO B„ BORREGA 
M„ HERRERA J., NAVAS I. & SARASQUETE C., 2009. - 
Larval organogenesis of flatfish brill Scophthalmus rhombus 
L.: Histological and histochemical aspects, Aquaculture, 286: 
138-149. 

HAMADA K., 1975. - Excessively enlarger thyroid follicles of the 
three-spine stickleback, Gasterosteus aculeatus aculeatus, 
reared in freshwater. Jpn.J. Ichthyol., 21(4): 183-190. 

HARADA Y., HARADA S., KINOSHIT I., TANAKA M. & 
TAGAWA M., 2003. - Thyroid gland development in a neotenic 
goby (ice goby, Leucopsarion petersii) and a common goby 
(ukigori, Gymnogobius urotaenia ) during early life stages. 
Zool. Sci. ,20: 883-888. 

HARADA Y„ KUWAMUA K„ KINOSHITA I., TANAKA M. & 
TAG AWA M., 2005. - Histological observation of the pituitary- 
thyroid axis of a neotenic fish (the ice fish, Salangichthys 
microdori). Fish. Sci., 71(1): 115-121. 

HAVASI M„ EARFANI M.N.. SAVARI A., SALAMAT N. & 
SHARIFI M., 2010. - Histomorphological and histometrical 
studies of thyroid gland in yellow seabream (Acanthopagrus 
latus) of Persian Golf in warm season. J. Vet. Sci., 6[2(27)]: 
41-48. 

HENDERSON I.W., 1997. - Endocrinology of the Vertebrates, 
10.1002/cphy.cpl30110, Source: Suppl. 30: Handbook of 
Physiology, Comparative Physiology. 


Cybium 2014, 38(2) 


101 


Thyroid gland of “fishes ” 


Chanet & Meunier 


HICKMAN C.P. Jr., 1959. - The osmoregulatory role of the thyroid 
gland in the starry flounder Platichthys stellatus. Can. J. Zool., 
37: 997-1060. 

HILL B.H., 1935. - The early development of the thyroid gland in 
Atnia calva. J. Morphol., 57(2): 533-545. 

HIRUTA J., MAZET F„ YASUI K„ ZHANG P„ OGASAWARA 
M., 2005. - Comparative expression analysis of transcription 
factor genes in the endostyle of invertebrate chordates. Dev. 
Dyn., 233: 1031-1037. 

HOAR W.S., 1951. - Hormones in Fish. hr. Some Aspects of the 
Physiology of Fish (Hoar W.S., Black V.S. & Black E.C., eds). 
Univ. of Toronto. Biological Series No. 59. Publications of the 
Ontario Fisheries Research Laboratory No. 71: 1-51. 

HOLCROFT N.L. & WILEY E.O., 2008. - Acanthuroid relation¬ 
ships revisited: a new nuclear gene-based analysis that incorpo¬ 
rates tetraodontiform representatives. Ichthyol. Res., 55(3): 
274-283. 

HONMA Y., 1956a. - On the thyroid gland of the tuna, Thunnus 
thynnus (Linne). Bull. Jpn. Soc. Sci. Fish., 21(9): 1011-1015. 

HONMA Y., 1956b. - On the thyroid gland of the sailfish, Histio- 
phorus orientalis (Temminck et Schlegel). Bull. Jpn. Soc. Sci. 
Fish, 21(9): 1016-1018. 

HONMA Y., 1956c. - On the thyroid gland of two species of Serio- 
la.Bull. Jpn. Soc. Sci. Fish, 21(9): 1019-1021. 

HONMA Y., 1957. - On the thyroid gland of some Japanese teleosts. 
Jpn. J. Ichthyol. ,6: 113-120. 

HONMA Y., 1958. - The morphology of pituitary and thyroid 
glands of a Japanese cyprinid fish, Tribolodon hakonensis tac- 
zanowskii (Steindachner). Jpn. J. Ichthyol., 7(2-4): 109-113. 

HONMA Y., 1968. - Phylogenetic position of the lungfish from the 
endocrinological point of view. Proc. Jpn. Soc. Sys. Zool., 4: 
11-16. 

HONMA Y. & CHIBA A., 1993. - Electron microscope observa¬ 
tions on the thyroid gland of the banded dogfish, Triakis scyllia 
(Chondrichthyes). Rep. Sado Mar. Biol. Stat., Niigata Univ., 
23 :13-23. 

HONMA Y. & YOSHIE S., 1974. - Histological observations on 
some of the endocrine glands in the remora, Echeneis naucrates 
L., caught off the coast of Sado Island in the Japan Sea. Arch. 
Histol.Jpn., 37(3): 261-273. 

HONMA Y„ SHIODA S. & YOSHIE S., 1977. - Changes in the 
thyroid gland associated with the diadromous migration of the 
threespine stickleback, Gasterosteus aculeatus. Jpn. J. Ichthy- 
ol., 24(1): 17-25. 

HONMA Y„ IWATA Y. & CHIBA A., 1987. - Comparative histolo¬ 
gy of the thyroid gland in some elasmobranchs. Rep. Sado Mar. 
Biol. Stat., Niigata Univ., 17: 1-12. 

HONMA Y„ USHIKI T„ TAKEDAM. & KUBOTAS., 2005. - His¬ 
tological studies on some organs of two male dealfishes, Tra- 
chipterus ishikawae, caught on the beach of Shirahama, 
Wakayama Prefecture, Pacific coast of Japan. Public. Seto Mar. 
Biol. Lab. ,40(3-4): 199-205. 

HOOVER K.L., 1984. - Hyperplasic thyroid lesions in fish. Natl. 
Cancer Inst. Monogr., 65: 275-289. 

HUREAU J.C., 1963. - Etude preliminaire morphologique et ana- 
tomique de la glande thyroi'de de Trematomus bernacchii Bou- 
lenger, teleosteen benthique des cotes du continent antarctique. 
Bull. Soc. Zool. Fr„ 88(5-6): 547-556. 

HUREAU J.C., 1970. - Biologie comparee de quelques poissons 
antarctiques (Nototheniidae). Bull. Mus. Oceanog. Monaco, 
68(1391): 1-244. 

IRIKHIMOVITCH A.I., 1948. - Development of hypophysis and 
thyroid gland of bream and stellate sturgeon, Dok. Akad. Nauk. 
SSSR, 60(1): 133-136. [in Russian] 


IVANOVA A.D., 1954. - Thyroid gland in sturgeon during spawn¬ 
ing migration and spawning. Dokl. Akad. Nauk SSSR, 98: 693- 
696. [in Russian] 

JACKSON R.G. & SAGE M„ 1973. - Regional distribution of thy¬ 
roid stimulating hormone activity in the pituitary gland of the 
Atlantic stingray, Dasyatis sabina. Fish. Bull., 71(1): 93-97. 

JANVIER R, 2009. - Les premiers vertebres et les premieres etapes 
de Revolution du crane. C. R. Palevol., 8(2-3): 209-219. 

JAROSZEWSKA M. & DABROWSKI K„ 2009. - 4. Early ontog¬ 
eny of Semionotiformes and Amiiformes (Neopterygii: Acti- 
nopterygii). hr. Development of non-Teleost Fishes (Kunz 
Y.W., Luer C.A. & Kapoor B.G. ed.),pp. 230-274, Enfield. NH: 
Science Publishers, Inc. 

JOHNSON G.D., 1984. - Percoidei: development and relationships. 
hr. Ontogeny and Systematics of Fishes (Moser H.G., Richard 
W.J., Cohen D.M.. Fahay M.P., Kendall A.W. & S.L. Richard¬ 
son, eds). Am. Soc. Ichthyol. Herpetol., Spec. Publ., 1: 464- 
498. 

JOSHI B.N. & SATHYANESAN A.G., 1976. - Presence of func¬ 
tional renal thyroid in the teleost Cirrhinus mrigala (Ham). 
Indian J. Exp. Biol., 14(6): 700-701. 

KANG D.Y. & CHANG Y.J., 2005. - Development of thyroid folli¬ 
cles and changes in thyroid hormones during the early develop¬ 
ment of Korean rockfish Sebastes schlegeli. J. World Aquacult. 
Soc., 36(2): 157-164. 

KERR T., 1948. - The pituitary in normal and parasitized roach 
( Leuciscus rutilus Flem.). Quart. J. Microsc. Sci., 89(6): 129- 
137. 

KIKUGAWAK., KATOH K„ KURAKU S„ SAKURAI H„ ISHI- 
DA O., IWABE N. & MAYATA T„ 2004. - Basal jawed verte¬ 
brate phylogeny inferred from multiple nuclear DNA-coded 
genes. BMC Biol. ,2: 1-11. 

KLARENA P.H.M., WUNDERINKA Y.S., YUFERAC M., 
MANCERAB J.M. & FLIKA G., 2008. - The thyroid gland and 
thyroid hormones in Senegalese sole ( Solea senegalensis ) dur¬ 
ing early development and metamorphosis. Gen. Comp. Endo¬ 
crinol., 155(3): 686-694. 

KLUGE B.. RENAULT N. & ROHR K.B., 2005. - Anatomical and 
molecular reinvestigation of lamprey endostyle development 
provides new insight into thyroid gland evolution. Dev. Genes 
Evol., 215: 32-40. 

KOBAYASHI H„ TSUNEKI K„ AKIYOSHI H„ KOBAYASHI Y„ 
NOZAKI M., & OUJI M.. 1983. - Histochemical distribution 
of peroxidase in ascidians with special reference to the endo¬ 
style and the branchial sac. Gen. Comp. Endocrinol., 50: 172- 
187. 

KUNZ Y.W., 2004. - Developmental Biology of Teleost Fishes. 636 
p. Springer: Norwell, MD. 

LAHAYE J., 1966. - Variations cycliques de l’activite thyroidienne 
chez des aloses migrant normalement en mer et chez des aloses 
bloquees en eau douce. Rev. Trav. Inst. Peches Marit., 30(12): 
347-355. 

LAUTREDOU A.C.. MOTOMURA H„ GALLUT C., OZOUF- 
COSTAZ C., CRUAUD C„ LECOINTRE G. & DETTAI A., 
2013. - New nuclear markers and exploration of the relation¬ 
ships among Serraniformes (Acanthomorpha, Teleostei): The 
importance of working at multiple scales. Mol. Phylogenet. 
Evol., 67: 140-155. 

LEATHERLAND J.E., 1982. - Environmental physiology of the 
teleostean thyroid gland: a review. Env. Biol. Fish., 7: 83-110. 

LEATHERLAND J.E., 1988. - Endocrine factors affecting thyroid 
economy of teleost fish. Am. Zool., 28: 319-328. 

LEATHERLAND J.E, MOCCIA R. & SONSTEGARD R„ 1978. - 
Ultrastructure of the thyroid gland in goitered coho salmon 
(Oncorhynchus kisutch). Cancer Res., 38: 149-158. 


102 


Cybium 2014, 38(2) 


Chanet & Meunier 


Thyroid gland of “fishes” 


LERAY C. & FEBVRE A., 1968. - Influence de l’hypothermie sur 
la physiologie thyroidienne d’un poisson marin (Mugil auratus 
R.) et d’un poisson d’eau douce (Cyprinus carpio L.). Compa- 
raisons entre thyroide pharyngienne et thyroide heterotypique. 
C. R. Seances Soc. Biol., 162: 727-731. 

LEVESQUE H.M.. DORVAL J., HONTELA A., VAN DER 
KRAAK G J. & CAMPBELL P.G.C., 2003. - Hormonal, mor¬ 
phological, and physiological responses of yellow perch (Perea 
flavescens) to chronic environmental metal exposures. J. Toxi¬ 
col. Environ. Health, Part A, 66: 657-676. 

LI B., 2008. - Fiabilite des clades et congruence taxinomique : 
Application a la phylogenie des teleosteens acanthomorphes. 
Phil. These, 251 p. Museum national d’Histoire naturelle, Paris 
(France). http://hal .archi ves-ouvertes .fr/docs/00/3 3/18/25/PDF/ 
These_BL_171008.pdf. 

LI C., LU G. & ORTI G., 2008. - Optimal data partitioning and a 
test case for ray-finned fishes (Actinopterygii) based on ten 
nuclear loci. Syst. Biol., 57: 519-539. 

LI B„ DETTAI A., CRUAUD C., COULOUX A.. DESOUTTER 
M. & LECOINTRE G., 2009. - RNF213, a new nuclear marker 
for acanthomorph phylogeny. Mol. Phylogenet. Evol., 50, 345- 
363. 

LIEM K.F. & SUMMERS A.P., 1999. - Muscular system. Gross 
anatomy and functional morphology of muscles, hr. Sharks, 
Skates, and Rays: the Biology of Elasmobranch Fishes (Ham- 
lett W.C., ed.), pp. 93-114. Johns Hopkins Univ. Press. 

LITTLE A .G., LOUGHEED S .C. & MO YES C .D., 2010. - Evolu¬ 
tionary affinity of billfishes (Xiphiidae and Istiophoridae) and 
flatfishes (Pleuronectiformes): Independent and trans-subordi- 
nal origins of endothermy in teleost fishes. Mol. Phylogenet. 
Evol., 56: 897-904. 

MABUCHI K„ MIYA M., AZUMA Y. & NISHIDA M.. 2007. - 
Independent evolution of the specialized pharyngeal jaw appa¬ 
ratus in cichlid and labrid fishes. BMC Evol. Biol., 7(10): 1-12. 

McGONNELL I.M. & FOWKES R.C., 2006. - Fishing for gene 
function - endocrine modelling in the zebrafish. J. Endocrinol., 
189:425-439. 

McKENZIE T., 1884. - The blood-vascular system, ductless glands, 
and urogenital system of Ameiurus catus. Proc. Can. Inst., 
Toronto, 3 rd Ser., 2: 434-435. 

MAKSIMOVICH A.A. & SHEVCHUK S.A., 1995. - The thyroid 
gland of humpback salmon (Oncorhynchus gorbuscha) fry and 
of humpback and cherry salmon (Oncorhynchus masu) hybrids 
during smoltification. Morfologia, 108(3): 63-66. [in Russian] 

MARINE D., 1913. - The metamorphosis of the endostyle (thyroid 
gland) of Ammocoetes branchialis [larval land-locked Petro- 
myzon marinus (Jordan) or Petromyzon dorsatus (Wilder)]../. 
Exp. Med., 17(4): 379-395. 

MARINE D.. 1914. - The rapidity of the involution of active thy¬ 
roid hyperplasias of brook trout following the use of fresh sea 
fish as a food. J. Exp. Med., 19(4): 376-382. 

MARKOFSKY J. & MILSTOC M., 1979. - Histopathological 
observations of the kidney during aging of the male annual fish, 
Nothobranchius guentheri. Exp. Gerontol., 14: 149-155. 

MATISHOV G.G., ZENZEROV V.S., EMELINA A.V. & 
MURAVEIKO V.M.. 2009. - Changes in the motor activity and 
temperature resistance of shorthorn sculpin Myoxocephalus 
scorpius (L) from the Barents Sea. Dokl. Biol. Sci., 421: 349- 
351. 

MATSCHINER M„ HANEL R. & SALZBURGER W„ 2011. - On 
the origin and trigger of the Notothenioid adaptive radiation. 
PLoS One, 6(4): el8911. 

MATTHEIJ J.A.M.. 1969. - The thyrotropin secreting basophils in 
the adenohypophysis of Anoptichthys jordani. Z. Zellforsch. 
Mikrosk. Anat., 101(4): 588-597. 


MATTHEIJ J.A.M.. KINGMA FJ. & STROBAND H.W.J., 1971. - 
The identification of the thyrotropic cells in the adenohypophy¬ 
sis of the cichlid fish Cichlasoma biocellatum and the role of 
these cells and of the thyroid in osmoregulation. Z. Zellforsch., 
121: 82-92. 

MATTHEWS S.A., 1948. - The thyroid gland of the Bermuda par¬ 
rot fish, Pseudoscarus guacamaia. Anat. Rec., 101(2): 251- 
263. 

MATTHEWS S.A. & SMITH D.C., 1948. - Concentration of radio¬ 
active iodine by the thyroid gland of the parrot fish, Sparisoma 
sp. Am. J. Physiol., 153: 222-225. 

MAURER F., 1886. - Schilddriise und Thymus der Teleostier. Mor- 
phol. Jahrb., 11: 129-175. 

MEUNIER F.J., 2011. - The Osteichtyes, from the Paleozoic to the 
extant time, through histology and paleohistology of bony tis¬ 
sues. C. R. Palevol., 10: 347-355. 

MEYNARD C.N.. MOUILLOT D.. MOUQUET N. & DOUZERY 
E.J.P., 2012. - A phylogenetic perspective on the evolution of 
mediterranean teleost fishes. PLoS ONE, 7(5): e36443. 

MIYA M. & NISHIDA M., 1996. - Molecular phylogenetic per¬ 
spective on the evolution of the deepsea fish genus Cyclothone 
(Stomiiformes: Gonostomatidae). Ichthyol. Res., 43: 375-389. 

MIYA M.. TAKESHIMA H„ ENDO H. et al. [12 authors], 2003. - 
Major patterns of higher teleostean phylogenies: a new per¬ 
spective based on 100 complete mitochondrial DNA sequences. 
Mol. Phylogenet Evol., 26: 121-138. 

MIYA M„ SATOH T. & NISHIDA M.. 2005. - The phylogenetic 
position of toadfishes (order Batrachoidiformes) in the higher 
ray-finned fish as inferred from partitioned Bayesian analysis 
of 102 whole mitochondrial genome sequences. Biol. J. Linn. 
Soc., 85: 289-306. 

MODRELL M.S.. BUCKLEY D. & BAKER C.V.H., 2011. - 
Molecular analysis of neurogenic placode development in a 
basal ray-finned fish. Genesis, 49: 278-294. 

MORRIS A.L, HAMLIN H.J., FRANCIS-FLOYDA R„ SHEP¬ 
PARD BJ. & GUILLETTE L.J., 2011. - Nitrate-induced goiter 
in captive whitespotted bamboo sharks Chiloscyllium plagio- 
sum. J. Aquat. Anim. Health, 23(2): 92-99. 

MORRISON C.M. 1993. - Histology of the Atlantic Cod, Gadus 
morhua. Eleutheroembryo and Larva. Part. IV, 496 p. Can. 
Spec. Publ. Ottawa. 

MOTAIS R., 1960. - Quelques observations sur la biologie d’un 
poisson abyssal, Trachyrinchus trachyrinchus Risso, et sur les 
conditions de vie en mer profonde. Bull. Inst. Oceanogr. Mona¬ 
co, 1165: 1-79. 

MUKAIT. & OTTA Y., 1995. - Histological changes in the pituary, 
thyroid gland and gonads of the fourspine sculpin (Cottus kaki- 
za) during downstream migration. Zool. Sci., 12: 91-97. 

MULLER W., 1873. - Uber die Hypobranchialrinne der Tunicaten 
und deren Vorhandensein bei Amphioxus und den Cyklosto- 
men. Jena. Z. Med. Naturw.,1: 327-332. 

NACARIO J.F., 1983. - The effect of thyroxine on the larvae and 
fry of Sarotherodon niloticus L. (Tilapia nilotica). Aquaculture, 
34: 73-83. 

NEAR T.J., EYTAN R.I., DORNBURG A., KUHN K.L. & 
MOORE J.A., 2012. - Resolution of ray-finned fish phylogeny 
and timing of diversification. Proc. Natl. Acad. Sci. USA, 109: 
13698-13703. 

NEAR T.J., DORNBURG A., EYTAN R.I., KECK B.P., SMITH 
L„ KUHN K.L., MOORE J.A., PRICE S.A., BURBRINK F.T., 
FRIEDMAN M„ WAINWRIGHT P.C., 2013. - Phylogeny and 
tempo of diversification in the superradiation of spiny-rayed 
fishes. Proc. Natl. Acad. Sci. USA. doi: 10.1073/ 
pnas.1304661110. 


Cybium 2014, 38(2) 


103 


Thyroid gland of “fishes ” 


Chanet & Meunier 


NELSON J., 2006. - Fishes of the World. 4 th edit., 601 p. New Jer¬ 
sey: John Wiley & Sons. 

NULL B., LIU C.W., HEDEHUS M„ CONOLLY S. & DAVIS 

R. W., 2008. - High-resolution, in vivo magnetic resonance 
imaging of Drosophila at 18.8 Tesla. PLoS One, 3(7): e2817. 

NUSBAUM-HILAROWICZ J„ 1923. - Etudes d’anatomie compa- 
ree sur les poissons provenant des campagnes scientifiques de 

S. A.S. le Prince de Monaco. Res. Camp. Sci. Monaco , 65: 
1 - 100 . 

OLIVEREAU M.. 1954. - Hypophyse et glande thyrolde chez les 
poissons. Etude histo-physiologique de quelques correlations 
endocriniennes, en particulier chez Salmo salar L .Ann. Biol., 
30: 63-80. 

OLIVEREAU M., 1959. - Anatomie et histologie de la glande thy- 
roi'de chez Protopterus aethiopicus Heckel et Protopterus 
annectens Owen. Acta Anat., 36: 77-92. 

OLIVEREAU M.. 1960. - Hyperplasie thyroidienne et presence de 
follicules thyroi'diens intrarenaux, chez un exemplaire de 
Typhlogarra widdowsoni Trewavas, poisson aveugle et caver- 
nicole de l’lrak. Ann. R. Soc. Zool. Belg., 90: 117-125. 

OLIVEREAU M.. 1971. - Structure histologique durein et electro¬ 
lytes plasmatiques chez Tanguille apres autotransplantation de 
Thypophyse. Z. Vergl. Physiol., 71: 350-364. 

OLIVEREAU M. & FRANCOTTE H.M.. 1955. - Etude histologi¬ 
que et biometrique de la glande thyroide de Caecobarbus geert- 
si. Ann. Soc. Zool. Belg., 86(1): 129-150. 

OLIVEREAU M„ LA ROCHE G. & WOODALL A.N.. 1964. - 
Modifications cytologiques de Thypophyse de la truite a la suite 
d’une carence en iode d’une radiothyroidectomie. Ann. Endo¬ 
crinol., 25: 481-490. 

ORTIZ-DELGADO J.B.. RUANE N.M., POUSAO-FERREIRA R, 
DINIS M.T. & SARASQUETE C., 2006. - Thyroid gland 
development in Senegalese sole, Solea senegalensis (Kaup 
1858) during early life stages: a histochemical and immunohis- 
tochemical approach. Aquaculture ,260: 536-561. 

OSI Y„ OTA K.G., KURAKU S., FUJIMOTO S. & KURATANI 
S., 2012. - Craniofacial development of hagfishes and the evo¬ 
lution of vertebrates, Nature, 493: 175-180. 

OTA K.G. & KURATANI S., 2008. - Developmental biology of 
hagfishes, with a report on newly obtained embryos of the Japa¬ 
nese inshore hagfish, Eptatretus burgeri. Zool. Sci., 25: 999- 
1011 . 

O’TOOLE B., 2002. - Phylogeny of the species of the superfamily 
Echeneoidea (Perciformes: Carangoidei: Echeneidae, Rachy- 
centridae, and Coryphaenidae), with an interpretation of the 
echeneid hitchhiking behaviour. Can.J. Zool., 80: 596-623. 

OWEN R., 1866. - The Anatomy of Vertebrates. Vol. 1.650 p. Lon¬ 
don: Longmans, Green & Co. 

PADROS F. & CRESPO S., 1996. - Ontogeny of the lymphoid 
organs in the turbot Scophthalmus maximus: a light and elec¬ 
tron microscope study. Aquaculture, 144: 1-16. 

PANDEY A.K., GEORGE K.C. & PEER MOHAMED M.. 1995. - 
Effect of DDT on thyroid gland of the mullet Liza parsia (Ham- 
ilton-Buchanan). J. Mar. Biol. Ass. India, 37(1-2): 287-290. 

PARENTI L.R., 1987. - The phylogenetic significance of bone 
types in euteleost fishes. Zool. J. Linn. Soc., 87: 37-51. 

PARKER W.N.. 1890. - On the anatomy and physiology of Pro¬ 
topterus annectens. Proc. R. Soc. Lond., 49: 549-554. 

PARKER W.N.. 1907. - Comparative Anatomy of Vertebrates. 576 
p. London: Macmillam and Co. 

PATRICOLO E„ CAMMARATA M. & D’AG ATI P„ 2001. - Pres¬ 
ence of thyroid hormones in ascidian larvae and their involve¬ 
ment in metamorphosis. J. Exp. Zool., 290: 426-430. 


PATTERSON C., 1973. - Interrelationships of holosteans. In: Inter¬ 
relationships of Fishes (Greenwood P. H.. Miles R. S. & Patter¬ 
son C., eds). Zool. J. Linn. Soc., Suppl. 1: 233-305. 

PORRECA I.. 2010. - The zebrafish model to identify new genes 
involved in thyroid development. These de doctorat, 71 p. Univ. 
Federico II. Napoli, Italy. 

POWER D.M., 2001. - Thyroid gland development in a marine 
teleost Spams aurata Linnaeus (Sparidae). Bol. Mus. Mun. 
Funchal, Suppl. 6: 433-443. 

PRIOR M.L. & MARPLES B.J., 1945. - A comparative account of 
the vascular system of certain rajiform fishes. Trans. Proc. R. 
Soc.N. Z„ 74(4): 343-358. 

QURESHI T.A., 1975. - Heterotopic thyroid follicles in the acces¬ 
sory mesonephric lobes of Heteropneutes fossilis (Bloch). Acta 
Anat., 93(4): 506-511. 

QURESHI T.A.. BELSARE D.K. & SULTAN R„ 1978. - Head- 
kidney thyroid in some Indian teleosts. Z. Mikr. Anat. Forsch., 
92: 352-358. 

RAINE J.C. & LEATHERLAND J.F., 2000. - Morphological and 
functional development of the thyroid tissue in rainbow trout 
(Oncorhynchus mykiss) embryos. Cell Tissue Res., 301(2): 235- 
244. 

RAM R.N.. JOY P. & SATHYANESAN A.G., 1989. - Cythion- 
induced histophysiological changes in thyroid and thyrotrophs 
of the teleost fish, Channapunctatus (Bloch). Ecotoxicol. Envi¬ 
ron. Safety, 17(3): 272-278. 

RAMOS P. & DA CONCEIQAO PELETEIRO M„ 2001. - Hiper- 
plasia da tiroide em Serranus hepatus. Rev. Portug. Cienc. 
Veteri., 96(540): 207-212. 

RASQUIN P., 1949. - The influence of light and darkness on thy¬ 
roid and pituitary activity of the characin Astyanax mexicanus 
and its cave derivatives. Bull. Am. Mus. Nat. Hist., 93(7): 497- 
532. 

REESE A.M.. 1902. - Structure and development of the thyroid 
gland in Petromyzon. Proc. Acad. Nat. Sci. Philad., 54(1): 
85-112. 

RETZIUS A.A., 1819. - Observationes in anatomiam chondrop- 
terygiorum praecipue Squali et Rajae generam. 34 p. Lund. 

ROLLESTON G. & JACKSON W.H., 1888. - Forms of Animal 
Life. 937 p. Clarendon Press. 

ROY P.. DATTA M.. DASGUPTA S. & BHATTACHARYA S., 
2000. - Gonadotropin-releasing hormone stimulates thyroid 
activity in a freshwater murrel, Channa gachua (ham.), and 
Carps, Catla catla (ham.) and Cirrhinus mrigala (ham.). Gen. 
Comp. Endocrinol., 117(3): 456-463. 

RUIJTER J.M.. PEUTE J. & LEVELS P.J., 1987. - The relation 
between pituitary gland and thyroid growth during the lifespan 
of the annual fish Cynolebias whitei and Nothobranchius 
korthausae: gonadotropic and thyrotropic cells. Cell Tissue 
Res., 248: 689-697. 

SALAMAT N„ HAVASI M.. MAJD N.E. & SAVARI A., 2012. - 
Seasonal changes of morphometric structure and plasma hor¬ 
mone levels of thyroid gland in Persian Gulf yellow fin sea- 
bream ( Acanthopagrus latus). World J. Fish Mar. Sci., 4(1): 
37-41. 

SANCHEZ-AMAYA M.I., ORTIZ-DELGADO J.B., GARCIA- 
LOPEZ A., CARDENAS S. & SARASQUETE C., 2007. - Lar¬ 
val ontogeny of red banded seabream Pagrus auriga Valenci¬ 
ennes, 1843 with special reference to the digestive system. A 
histological and histochemical approach. Aquaculture, 263(1- 
4): 259-279. 


104 


Cybium 2014, 38(2) 


Chanet & Meunier 


Thyroid gland of “fishes” 


SANTAMARIA C.A., MARIN DE MATEO M„ TRAVESET R„ 
SALA R., GRAU A., PASTOR E„ SARASQUETE C. & CRE¬ 
SPO S., 2004. - Larval organogenesis in common dentex Den- 
texdentex L. (Sparidae): histological and histochemical aspects. 
Aquaculture, 237: 207-228. 

SANTINI F„ HARMON L.J., CARNEVALE G. & ALFARO M.E., 
2009. - Did genome duplication drive the origin of teleosts? A 
comparative study of diversification in ray-finned hshes. BMC 
Evol.Biol., 9(194): 1-15. 

SATHYANESAN A.G., 1963. - Functional renal thyroid follicles in 
wild specimens of the freshwater teleost Barbus stigma (Cuv. 
& Val.). Z. Zell. Mikr. Anat., 59(4): 530-534. 

SATHYANESAN A.G. & CHARY C.S., 1962. - Thyroid follicle in 
the anterior kidney of the clupeoid fish Engraulis telara (Ham.). 
Sci. Cult., 28(2): 81-82. 

SATHYANESAN A.G. & PRASAD M„ 1962. - Heterotopic thy¬ 
roid follicles in the teleost Barbus conchonius (Ham.). Natur- 
wissenschaften, 49(7 ): 166. 

SCHLUMBERGER H.G. & LUCRE B„ 1948. - Tumours of fishes, 
amphibians and reptiles. Cancer Res., 8: 657-753. 

SCHNITZLER J.G., KOUTRAKIS E„ SIEBERT U„ THOME J.P. 
& DAS K., 2008. - Effects of persistent organic pollutants on 
the thyroid function of the European sea bass ( Dicentrarchus 
labrax) from the Aegean Sea, is it an endocrine disruption? 
Mar. Poll. Bull., 56: 1755-1764. 

SHARMA R. & KUMAR S., 1982. - Distribution of thyroid folli¬ 
cles and nerves in the kidney of a teleost, Clarias batrachus 
(Linn.). Z. Mikr. Anat. Forsch., 96(6): 1069-1077. 

SHIMELD S.M. & DONOGHUE P.C.J., 2012. - Evolutionary 
crossroads in developmental biology: cyclostomes (lamprey 
and hagfish). Development, 139: 2091-2099. 

SHUKLA L. & PANDEY A.K., 1986. - Restitution of thyroid activ¬ 
ity in the DDT exposed Sarotherodon mossambicus: a histo¬ 
logical and histochemical profile. Wat. Air Soil Pollut.,21 : 225- 
236. 

SIMON J., 1844. - On the comparative anatomy of the thyroid 
gland. Philos. Trans. R. Soc. Lond., 134: 295-303. 

SINGH T.P., 1968. - Seasonal changes in radioiodine uptake and 
epithelial cell height of the thyroid gland in the freshwater tele¬ 
osts Esomus danricus (Ham) and Mystus vittatus (Bloch) under 
varying conditions of illumination. Z. Zell. Mikr. Anat., 87(3): 
422-428. 

SINGH B.R., THAKUR R.N. & YADAV B.N.. 1974. - The rela¬ 
tionship between the changes in the interrenal, gonadal and 
thyroidal tissue of the air breathing fish, Heteropneustes fossilis 
(Bloch) at different periods of the breeding cycle. J. Endocri¬ 
nol. ,61: 309-316. 

SIRE J.Y. & MEUNIER F.J., 1993. - The canaliculi of Williamson 
in Holostean bone (Osteichthyes, Actinopterygii): A structural 
and ultrastructural study. Acta Zool., 75: 235-247. 

SRIVASTAVA S.S. & SATHYANESAN A.G., 1967. - Presence of 
functional renal thyroid follicles in the Indian mud eel Amphip- 
nous cuchia (Ham.). Naturwissenschaft, 54: 146. 

SRIVASTAVA S.S. & SATHYANESAN A.G., 1971. - Studies on 
the histophysiology of the pharyngeal and heterotopic renal 
thyroid in the freshwater teleost Puntius sophore (Ham.). Z. 
Mikr. Anat. Forsch., 83(2): 145-65. 

STAHL B.J., 1967. - Morphology and relationships of the Holo- 
cephali with special reference to the venous system. Bull. Mus. 
Comp. Zool. 135(3): 141-213. 

STOCKARD C.R., 1906. - The development of the thyroid gland 
in Bdellostoma stouti. Anat. Anz., 29: 91-99. 


SUZUKI S., 1985. - Iodine distribution in the thyroid follicles of 
the hagfish, Eptatretus burgeri and lamprey, Lampetra japoni- 
ca: Electron-probe X-ray microanalysis. Cell Tissue Res., 241: 
539-543. 

SUZUKI N„ NISHIDAM.. YOSEDAK., USTUNDAG C., SAHIN 
T. & AMAOKA K., 2004. - Phylogeographic relationships 
within turbot inferred by mitochondrial DNA haplotype varia¬ 
tion. J. Fish Biol., 65: 580-585. 

TAKEZAKI N„ FIGUEROA F„ ZALESKA-RUTCZYNSKA Z. & 
KLEIN J., 2003. - Molecular phylogeny of early vertebrates: 
monophyly of the agnathans as revealed by sequences of 35 
genes .Mol. Biol. Evol., 20: 287-292. 

TAMPI P.R.S., 1953. - On the structure of the pituitary and thyroid 
of Chanos chanos (Forskal). Proc. Nat. Inst. Sci. India, 19: 
247-256. 

TAMURAE. & HONMA Y., 1970. - Histological changes in the 
organs and tissues of the gobiid fishes throughout the life-span 
- II. The hypophyseal target of organs of the ice-goby, Leucop- 
sarion petersi Hilgendorf. Jpn.J. Ichthyol., 17(1): 29-36. 

TANAKA M„ TANANGONAN J.B., TAGAWA M., DE JESUS 
E.G.. NISHIDA H.. ISAKA M„ KIMURA R. & HIRANO T„ 
1995. - Development of the pituitary, thyroid and interrenal 
glands and applications of endocrinology to the improved rear¬ 
ing of marine fish larvae. Aquaculture, 135: 111-126. 

TANG X., LIU X.C. & LIN H.R., 2010. - The development of thy¬ 
roid of orange-spotted grouper ( Epinephelus coioides) larvae 
during metamorphosis. Acta Hydrobiol. Sin., 34(1): 210-214. 

TCHERNAVIN V.V., 1947. - Six specimens of Lyomeri in the Brit¬ 
ish Museum (with notes on the skeleton of Lyomeri). J. Linn. 
Soc. (Zool.), 41: 287-350. 

THEODORAKIS C.W., RINCHARD J., CARR J.A., PARK J.-W., 
McDANIEL L„ LIU F. & WAGES M.. 2006. - Thyroid endo¬ 
crine disruption in stonerollers and cricket frogs from perchlo¬ 
rate-contaminated streams in East-Central Texas. Ecotoxicolo- 
gy, 15(1): 31-50. 

THOMOPOULOS F., 1950. - Sur la thyroide de Gymnarchus nilo- 
ticus Cuv. (Teleosteen Mormyridae). Bull. Soc. Zool. Fr., 75: 
293-306. 

THOMOPOULOS F., 1969. - Ebauche et developpement de la 
glande thyroide chez Polypterus senegalus - Poisson - Bra- 
chiopterygien (Demonstration). Bull. Soc. Zool. Fr., 94: 307. 

THOMOPOULOS A., 1975. - Appearance and evolution of the 
thyroid gland during ontogenesis in Polypterus senegalus 
Pisces Brachiopterygii. Bull. Mus. Natl. Hist. Nat., Zool., 187: 
1713-1760. 

THOMPSON F.D., 1911. - The thyroid and parathyroid glands 
throughout vertebrates, with observations on some other close¬ 
ly related structures. Phil. Trans. R. Soc. Lond., Ser. B. 201: 
91-132. 

THORNDYKE M.C., 1978. - Evidence for a ‘mammalian’ thyro- 
globulin in endostyle of the ascidian Styela clava. Nature, 271: 
61-62. 

THORNDYKE M.C. & PROBERT L„ 1979. - Calcitonin-like cells 
in the pharynx of the ascidian Styela clava. Cell Tissue Res., 
203: 301-309. 

THORPE A.. THORNDYKE M.C. & BARRINGTON E.J., 1972. - 
Ultrastructural and histochemical features of the endostyle of 
the ascidian Ciona intestinalis with special reference to the dis¬ 
tribution of bound iodine. Gen. Comp. Endocrinol., 19: 559- 
571. 

TODD R.B., 1849-1852. - The Cyclopaedia of Anatomy and Physi¬ 
ology. Vol. IV, Part II, 1543 p. London: Longman. Brown, 
Green, Longmans & Roberts (eds). 


Cybium 2014, 38(2) 


105 


Thyroid gland of “fishes ” 


Chanet & Meunier 


TWELVES E.L., EVERSON I. & LEITH I.. 1975. - Thyroid struc¬ 
ture and function in two antarctic fishes. Br. Antarc. Surv. Bull., 
40: 7-14. 

UEDA H., 1979. - Effect of thiourea treatment on pituitary baso¬ 
philic cells of the loach, Misgurnus anguillicaudatus. Bull. Fac. 
Fish. Hokkaido Univ., 30(2): 116-123. 

VISCHER H.F. & BOGERD J., 2003. - Cloning and functional 
characterization of a testicular TSH receptor cDNA from the 
African catfish (Clarias gariepinus). J. Mol. Endocrinol., 30: 
227-238. 

VIVIEN J.H., 1941. - Contribution a l’etude de la physiologie 
hypophysaire dans ses relations avec Tappareil genital, la thy- 
roi'de et les corps interrenaux chez les poissons Selaciens et 
Teleosteens Scyliorhinus canicula et Gobiuspaganellus. Bull. 
Sci. Fr. Belg., 75: 257-309. 

VOLKOFF H., 1996. - The thyroid gland of elasmobranch fishes: 
Structure, function, and relationship to reproduction and devel¬ 
opment. PhD Thesis, 291 p. Clemson Univ., Greenville. 

VOLKOFF H„ WOURMS J.P., AMESBURY E. & SNELSON F.F. 
Jr., 1999. - Structure of the thyroid gland, serum thyroid hor¬ 
mones, and the reproductive cycle of the Atlantic stingray, 
Dasyatis sabina. J. Exp. Zool., 284: 505-516. 

WABUKE-BUNOTI M.A. & FIRLING C.E., 1983. - The prehatch¬ 
ing development of the thyroid gland of the fathead minnow, 
Pimephalespromelas (Rafinesque). Gen. Comp. Endocrinol., 
49(2): 320-331. 

WAI-SUM O. & CHAN S.T.H., 1974. - A study on the thyroid 
gland and the TSH cells in the pituitary of the ricefield eel, 
Monopterus albus. Gen. Comp. Endocrinol., 24(1): 99-112. 

WALTERS V., 1961. - A contribution to the biology of the Gigantu- 
ridae, with description of a new genus and species. Bull. Mus. 
Comp. Zool., 125: 297-317. 

WATERMAN A.J. & GORBMAN A., 1963. - Thyroid tissue and 
some of its properties in the hagfish, Myxine glutinosa. Gen. 
Comp. Endocrinol., 3(1): 58-65. 

WEIS J.S., SMITH G., ZHOU T„ SANTIAGO-BASS C. & WEIS 
P., 2001. - Effects of contaminants on behavior: biochemical 
mechanisms and ecological consequences. BioScience, 51(3): 
209-217. 

WENDL T„ LUN K.. MIONE M„ FAVOR J., BRAND M„ WIL¬ 
SON S. W. & ROHR K.B., 2002. - Pax2.1 is required for the 
development of thyroid follicles in zebrafish. Development, 
129: 3751-3760. 


WENG Y.Z.. DAI Y.Y., FANG Y.Q. & HU X.X., 2003. - Immuno- 
histochemistry and ultrastructure of the thyroid gland of the 
grey mullet ( Mugil cephalus). Acta Zool. Sin., 49(2): 230-237. 

WILLIAMS F., 1976. - The circulatory system in the lower jaw of 
the skipjack tuna (Katsuwonus pelamis) with special reference 
to the thyroid gland. Bull. Mar. Sci., 26(1): 19-26. 

WOODHEAD A.D.. 1959. - Variations in the activity of the thyroid 
gland of the cod, Gadus callarias L., in relation to its migra¬ 
tions in the Barentz Sea. I. the ‘dummy of run’ of the immature 
fish. J. Mar. Biol. Ass. UK., 38: 417-422. 

WOODHEAD A.D. & SCULLY P.M., 1977. - A comparative study 
of the pretumorous thyroid gland of the gynogenetic teleost, 
Poecilia formosa, and that of other poeciliid fishes. Cancer 
Res. ,37: 3751-3755. 

YAGISHITA N., MIYA M., YAMANOUE Y., SHIRA S.M., 
NAKAYAMA K„ SUZUKI N„ SATOH T.P., MABUCHI K„ 
NISHIDA M. & NAKABO T., 2009. - Mitogenomic evaluation 
of the unique facial nerve pattern as a phylogenetic marker 
within the percifom fishes (Teleostei: Percomorpha). Mol. Phy- 
logenet. Evol., 53: 258-266. 

YAMANOUE Y., MIYA M., MATSUURA K„ YAGISHITA N„ 
MABUCHI K„ SAKAI H.. KATOH M. & NISHIDAM„ 2007. 
- Phylogenetic position of tetraodontiform fishes within the 
higher teleosts: Bayesian inferences based on 44 whole mito¬ 
chondrial genome sequences. Mol. Phylogenet. Evol., 45: 
89-101. 

ZAITSEV A.V., 1955. - Histological study of a year changes of the 
thyroid gland of pike and neurosecretory activity of hypotha¬ 
lamic cores during seasonal change of the thyrotropic function 
of hypophysis. Dokl.Akad. Nauk. SSSR, 104(2): 315-318. [in 
Russian] 

ZAITSEV A.V., 1971. - Structure and function of the thyroid gland 
in females of the Lapland whitefish ( Coregonus laveretus L.) 
during yearly and non-yearly spawning. Dokl. Akad. Nauk 
SSSR, 198(5): 1228-31. [in Russian] 

ZENZEROV V.C., 1986. - Comparative histology and cytology of 
thyroid gland. In: Ichthyofauna and Environmental Conditions 
in Barents Sea (Apatity, ed.), pp. 1-135. Murmansk, [in Rus¬ 
sian] 

ZHANG J., ZUOA Z„ HEA C., WUA D„ CHENA Y. & WANGA 
C., 2009. - Inhibition of thyroidal status related to depression of 
testicular development in Sebastiscus marmoratus exposed to 
tributyltin. Aquat. Toxicol., 94: 62-67. 


106 


Cybium 2014, 38(2) 


Chanet & Meunier 


Thyroid gland of “fishes” 


Appendix I. - Distribution of the identified thyroidian patterns among vertebrates. Suprafamilial taxa are organized phylogenetically fol¬ 
lowing data exposed in Li (2008), Janvier (2009), Broughton (2010) and Betancur-R et al. (2013b) while families and species are orga¬ 
nized alphabetically in each suprafamilial taxon. Numbers refer to patterns (see text for definitions); commas indicate that these data must 
be cautiously considered (see text for comments). 


Systematic 

Species 

Thyroid structure 

Sources 

VERTEBRATA 

Cyclostomes 

Myxinidae 

Bdellostoma stouti, valid as 

Eptatretus stoutii (Lockington, 1878) 

diffuse 

Stockard (1906) 

Myxinidae 

Eptatretus burgeri (Girard, 1855) 

diffuse 

Suzuki (1985) 

Myxinidae 

Myxine glutinosa Linnaeus, 1758 

diffuse 

Waterman and Gorbman (1963), Ota and 
Kuratani (2008) 

Petromyzontidae 

Lethenteron camtschaticum (Tilesius, 

1811) 

diffuse 

Suzuki(1985) 

Petromyzontidae 

Petromyzon marinus Linnaeus, 1758 

diffuse 

Reese (1902), Marine (1913). Henderson 
(1997) 

Gnathostomes 

Chondrichthyes 

Chimaeriformes 

Callorhinchidae 

Callorhinchus sp. Lacepede, 1798 

compact 

Stahl (1967) 

Chimaeridae 

Chimaera sp. Linnaeus, 1758 

compact 

Cameron and Vincent (1915) 

Chimaeridae 

Hydrolagus colliei (Lay & Bennett, 1839) 

compact 

Cameron and Vincent (1915), Stahl (1967) 

Rhinochimaeridae 

Rhinochimaera sp. Garman, 1901 

compact 

Stahl (1967) 

Elasmobranches 




Orectolobiformes 




Hemiscylliidae 

Chiloscyllium sp. Muller & Henle, 1837 

compact 

Morris et al. (2011) 

Ginglymostomatidae 

Ginglymostoma cirratum (Bonnaterre, 

1788) 

compact 

Volkoff (1996) 

Lamniformes 

Alopiidae 

Alopias vulpinus (Bonnaterre, 1788) 

compact 

Borucinska and Tafur (2009) 

Lamnidae 

Isurus oxyrinchus Rafinesque, 1810 

compact 

Borucinska and Tafur (2009) 

Odontaspididae 

Odontaspis taurus valid as 

Carcharias taurus Rafinesque, 1810 

compact 

Ferguson (1911) 

Carcharhiniformes 

Carcharhinidae 

Carcharhinus acronotus (Poey, 1860) 

compact 

Volkoff (1996) 

Carcharhinidae 

Carcharhinus brevipinna (Muller & Henle, 
1839) 

compact 

Volkoff (1996) 

Carcharhinidae 

Carcharhinus isodon (Muller & Henle, 
1839) 

compact 

Volkoff (1996) 

Carcharhinidae 

Carcharhinus limbatus (Muller & Henle, 
1839) 

compact 

Volkoff (1996) 

Carcharhinidae 

Carcharhinus obscurus (Lesueur, 1818) 

compact 

Volkoff (1996) 

Carcharhinidae 

Carcharhinusplumbeus (Nardo, 1827) 

compact 

Volkoff (1996) 

Carcharhinidae 

Negaprion brevirostris (Poey, 1868) 

compact 

Volkoff (1996) 

Carcharhinidae 

Prionace glauca (Linnaeus, 1758) 

compact 

Ferguson (1911). Borucinska and Tafur 
(2009) 

Carcharhinidae 

Rhizoprionodon acutus (Riippell, 1837) 

compact 

Honmaef al. (1987) 

Carcharhinidae 

Rhizoprionodon terraenovae (Richardson, 
1836) 

compact 

Volkoff (1996) 

Carcharhinidae 

Triaenodon obesus (Riippell, 1837) 

compact 

Crow etal. (1998) 

Scyliorhinidae 

Cephaloscyllium umbratile Jordan & 
Fowler, 1903 

compact 

Honma et al. (1987) 
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Systematic 

Species 

Thyroid structure 

Sources 

Scyliorhinidae 

Scyliorhinus canicula (Linnaeus, 1758) 

compact 

Present study 

Parker (1907), Thompson (1911), Vivien 
(1941), Gridelli et al. (2003), Chanet et al. 
(2009a) 

Scyliorhinidae 

Scyliorhinus torazame (Tanaka, 1908) 

compact 

Honma et al. (1987) 

Scyliorhinidae 

Scyliorhinus stellaris (Linnaeus, 1758) 

compact 

Gridelli etal. (2003) 

Sphymidae 

Sphyrna lewini valid as 

Sphyrna zygaena (Linnaeus, 1758) 

compact 

Honma et al. (1987) 

Sphymidae 

Sphyrna tiburo (Linnaeus, 1758) 

compact 

Gash (2012) 

Triakidae 

Galeus canis valid as 

Galeorhinus galeus (Linnaeus, 1758) 

compact 

Balfour (1881), Ferguson (1911) 

Triakidae 

Mustelus asterias Cloquet 1819 

Compact 

C. Guintard (pers. com.) 

Triakidae 

Mustelus canis (Mitchill, 1815) 

compact 

Ferguson (1911), Thompson, (1911), 
Cowdry (1921), Volkoff (1996) 

Triakidae 

Mustelus manazo Bleeker, 1855 

compact 

Honma etal. (1987) 

Triakidae 

Triakis scyllia valid as 

Triakis scyllium Muller & Henle, 1839 

compact 

Honma etal. (1987) 

Honma and Chiba (1993) 

Squaliformes 

Squalidae 

Squalus acanthias Linnaeus, 1758 

compact 

Ferguson (1911), Thompson (1911), Liem 
and Summers (1999) 

Squalidae 

Squalus suckleyi (Girard, 1855) 

compact 

Cameron and Vincent (1915) 

Hexanchiformes 

Chlamydoselachidae 

Chlamydoselachus anguineus Garman, 

1884 

compact 

Goodey (1910) 

Squatiniformes 

Squatinidae 

Squatina californica Ayres, 1859 

compact 

Thompson (1911) 

Squatinidae 

Squatina japonica Bleeker, 1858 

compact 

Honma etal. (1987) 

Rajiformes 

Rajidae 

Raja blanda valid as 

Raja brachyura Lafont, 1873 

compact 

Thompson (1911) 

Rajidae 

Raja clavata Linnaeus, 1758 

compact 

Ferguson (1911) 

Rajidae 

Raja erinacea valid as 

Leucoraja erinacea (Mitchill, 1825) 

compact 

Ferguson (1911) 

Rajidae 

Raja miraletus Linnaeus, 1758 

compact 

Thomson (1911) 

Rajidae 

Raja porosa valid as 

Okamejei kenojei (Muller & Henle, 1841) 

compact 

Honma et al. (1987) 

Myliobatiformes 

Dasyatidae 

Dasyatis sp. Rafinesque, 1810 

compact 

Ferguson (1911) 

Dasyatidae 

Dasyatis akajei (Muller & Henle, 1841) 

compact 

Honma et al. (1987) 

Dasyatidae 

Dasyatis americana Hildebrand & 
Schroeder, 1928 

compact 

Volkoff (1996) 

Dasyatidae 

Dasyatis matsubarai Miyosi, 1939 

compact 

Honma etal. (1987) 

Dasyatidae 

Dasyatis sabina (Lesueur, 1824) 

compact 

Jackson and Sage (1973), Volkoff et al. 
(1999) 

Dasyatidae 

Dasyatis say (Lesueur, 1817) 

compact 

Volkoff (1996) 

Myliobatidae 

Rhinoptera bonasus (Mitchill, 1815) 

compact 

Volkoff (1996) 

Torpediniformes 

Narkidae 

Typhlonarke aysoni (Hamilton, 1902) 

compact 

Prior and Marples (1945) 

Torpedinidae 

Torpedo sp. Houttuyn, 1764 

compact 

Balfour (1881), Ferguson (1911) 

Torpedinidae 

Torpedo marmorata Risso, 1810 

compact 

Chanet et al. (2009a), Present study 
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Systematic 

Species 

Thyroid structure 

Sources 

OSTEICHTHYES 

Sarcopterygii 

Latimeriidae 

Latimeria chalumnae Smith, 1939 

compact 

Chavin (1972, 1976), Compagno (1979) 

Lepidosirenidae 

Lepidosiren paradoxa Fitzinger, 1837 

compact (bilobed) 

Chavin (1976) 

Protopteridae 

Protopterus annectens (Owen, 1839) 

compact (bilobed) 

Parker 1890, Chavin (1976) 

Protopteridae 

Protopterus aethiopicus Heckel, 1851 

compact (bilobed) 

Olivereau (1959), Chavin (1976) 

Neoceratodontidae 

Neoceratodus forsteri (Krefft, 1870) 

compact 

Chavin (1976) 

Tetrapoda 

Amniota 

Archosauromorpha 

Crocodilia 

Crocodylidae 

Alligator sinensis Fauvel, 1879 

compact (bilobed) 

Present study 

ACTINOPTERYGII 

Cladistia 

Polypteridae 

Polypterus sene gains Cuvier, 1829 

compact 

Thomopoulos (1969,1975) 

Chondrostei 

Acipensiridae 

Acipenser gueldenstaedtii Brandt & 
Ratzeburg, 1833 

compact 

Ivanova (1954), Charmi et al. (2009, 

2010) 

Acipensiridae 

Acipenser stellatus Pallas, 1771 

compact 

Irikhimovitch (1948) 

Polyodontidae 

Polyodon spathula (Walbaum, 1792) 

compact 

Modrell etal. (2011) 

NEOPTER Y GII 

Lepisosteidae 

Lepisosteus osseus (Linnaeus, 1758) 

compact 

Present study 

Amiidae 

Amia calva Linnaeus, 1766 

diffuse 

Hill (1935) 

TELEOSTEI 

Elopomorpha 

Anguillidae 

Anguilla anguilla (Linnaeus, 1758) 

diffuse 

Present study, Olivereau (1971) 

Anguillidae 

Anguilla japonica Temminck & Schlegel, 
1846 

diffuse 

Fujita et al. (1966) 

Anguillidae 

Anguilla rostrata (Lesueur, 1817) 

diffuse 

Gudematsch (1910) 

Congridae 

Conger conger (Linnaeus, 1758) 

diffuse 

Present study 

Congridae 

Conger myriaster (Brevoort, 1856) 

diffuse 

Thompson (1911), Gudematsch (1910) 

Eurypharyngidae 

Eurypharynxpelecanoides Vaillant, 1882 

“diffuse” 

Nusbaum-Hilarowicz (1923), Tchernavin 
(1947) 

Megalopidae 

Megalops atlanticus Valenciennes, 1847 

diffuse 

Present study 

Osteoglossomorpha 

Gymnarchidae 

Gymnarchus niloticus Cuvier, 1829 

compact 

Thomopoulos (1950) 

Notopteridae 

Chitala chitala (Hamilton, 1822) 

compact 

Present study 

Osteoglossidae 

Osteoglossum bicirrhosum (Cuvier, 1829) 

compact 

Present study 

Clupeomorpha 

Clupeidae 

Alosa alosa (Linnaeus, 1758) 

diffuse 

Lahaye(1966) 

Clupeidae 

Brevoortia tyrannus (Latrobe, 1802) 

diffuse 

Gudematsch (1910) 

Clupeidae 

Clupea harengus Linnaeus, 1758 

diffuse 

Gudematsch (1910) 

Clupeidae 

Sardina pilchardus (Walbaum, 1792) 

diffuse 

Buser-Lahaye and Ruivo (1952) 

Clupeidae 

Tenualosa reevesii (Richardson, 1846) 

diffuse 

Bingxu (1978) 

Engraulidae 

Engraulis telara 

valid as Setipinna phasa (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Sathyanesan and Chary (1962) 

Ostariophysii 

Gonorhynchiformes 

Chanidae 

Chanos chanos (Forsskal, 1775) 

diffuse 

Tampi (1953) 
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Systematic 

Species 

Thyroid structure 

Sources 

Cypriniformes 

Cobitidae 

Misgurnus anguillicaudatus (Cantor, 1842) 

diffuse 

Ueda (1979) 

Cyprinidae 

Abramis brama (Linnaeus, 1758) 

diffuse 

Irikhimovitch (1948), Chanet et al. 

(2009a), Present study 

Cyprinidae 

Barbus stigma valid as 

Puntius sophore (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Sathyanesan (1963) 

Cyprinidae 

Barbus titteya valid as 

Puntius titteya Deraniyagala, 1929 

diffuse with ectopic 
nodules 

Sathyanesan (1963) 

Cyprinidae 

Caecobarbus geertsii Boulenger, 1921 

diffuse 

Olivereau and Francotte (1955) 

Cyprinidae 

Campostoma anomalum (Rafinesque, 

1820) 

diffuse 

Theodorakis et al. (2006) 

Cyprinidae 

Carassius auratus (Linnaeus, 1758) 

diffuse with ectopic 
nodules 

Chavin (1956), Fortune (1956), Chiba et 
al. (1978), Foumie et al. (2005) 

Cyprinidae 

Catla catla (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Ajuha and Chandy (1962) 

Cyprinidae 

Cirrhinus mrigala (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Joshi and Sathyanesan (1976) 

Cyprinidae 

Cyprinus carpio Linnaeus, 1758 

diffuse with ectopic 
nodules 

Geven et al. (2007) 

Cyprinidae 

Danio rerio (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Alt et al. (2006). McGonnell and Fowkes 
(2006) 

Cyprinidae 

Esomus danricus (Hamilton, 1822) 

diffuse 

Singh (1968) 

Cyprinidae 

Garra congoensis Poll, 1959 

diffuse 

Genten et al. (2009) 

Cyprinidae 

Garra lamta (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Qureshi et al. (1978) 

Cyprinidae 

Leuciscus rutilus valid as 

Rutilus rutilus (Linnaeus, 1758) 

diffuse 

Kerr (1948) 

Cyprinidae 

Barbus conchonius valid as 

Pethia conchonius (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Sathyanesan and Prasad (1962), 
Sathyanesan (1963) 

Cyprinidae 

Phoxinusphoxinus (Linnaeus, 1758) 

diffuse 

Fortune (1953) 

Cyprinidae 

Pimephalespromelas Rafinesque, 1820 

diffuse with ectopic 
nodules 

Wabuke-Bunoti and Firling (1983), Crane 
etal. (2005) 

Cyprinidae 

Puntius sophore (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Srivastava and Sathyanesan, (1971), 
Agrawala and Dixit (1979) 

Cyprinidae 

Tanichthys albonubes Lin, 1932 

diffuse 

Cheverie and Lynn (1963) 

Cyprinidae 

Tribolodon ezoe Okada & Ikeda, 1937 

with gathered lobules 

Honrna (1958) 

Cyprinidae 

Typhlogarra widdowsoni Trewavas, 1955 

diffuse with ectopic 
nodules 

Olivereau (1960) 

Characiformes 

Bryconidae 

Brycon amazonicus (Spix & Agassiz, 

1829) 

diffuse 

Ganeco (2007) 

Characidae 

Anoptichthys jordani valid as 

Astyanax jordani (Hubbs & Innes, 1936) 

diffuse 

Mattheij (1969) 

Characidae 

Anoptichthys hubbsi valid as 

Astyanax jordani (Hubbs & Innes, 1936) 

diffuse 

Rasquin (1949) 

Characidae 

Astyanax mexicanus (De Filippi, 1853) 

diffuse 

Rasquin (1949) 

Siluriformes 

Bagridae 

Mystus vittatus (Bloch, 1794) 

diffuse with ectopic 
nodules 

Singh (1968), Bose and Firoz (1978) 

Clariidae 

Clarias batrachus (Linnaeus, 1758) 

diffuse with ectopic 
nodules 

Sharrna and Kumar (1982) 

Clariidae 

Clarias gariepinus (Burchell, 1822) 

diffuse 

Vischer and Bogerd (2003) 
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Chanet & Meunier 


Thyroid gland of “fishes” 


Systematic 

Species 

Thyroid structure 

Sources 

Heteropneustidae 

Heteropneustesfossilis (Bloch, 1794) 

diffuse with ectopic 
nodules 

Singh et al. (1974), Qureshi (1975) 

Ictaluridae 

Ameiurus catus (Linnaeus, 1758) 

diffuse 

McKenzie (1884), Thompson (1911) 

Ictaluridae 

Ameiurus nebulosus (Lesueur, 1819) 

diffuse with ectopic 
nodules 

Loumie et al. (2005) 

Ictaluridae 

Ictaluruspunctatus (Rafmesque, 1818) 

diffuse 

Goto-Kazeto et al. (2003) 

Esociformes 

Esocidae 

Esox lucius Linnaeus, 1758 

diffuse 

Zaitsev (1955) 

Salmoniformes 

Salmonidae 

Cristivomer namaycush valid as 

Salvelinus namaycush (Walbaum, 1792) 

diffuse 

Gudematsch (1910) 

Salmonidae 

Coregonus lavaretus (Linnaeus, 1758) 

diffuse 

Zaitsev (1971) 

Salmonidae 

Oncorhynchus kisutch (Walbaum, 1792) 

diffuse 

Gudematsch (1910), Leatherland et al. 
(1978) 

Salmonidae 

Oncorhynchus gorbuscha (Walbaum. 

1792) 

diffuse 

Maksimovich and Shevchuk (1995) 

Salmonidae 

Salmo irideus valid as 

Oncorhynchus my kiss (Walbaum. 1792) 

diffuse with ectopic 
nodules 

Gudematsch (1910), Raine and 

Leatherland (2000) 

Salmonidae 

Salmo salar Linnaeus, 1758 

diffuse 

Olivereau (1954) 

Salmonidae 

Salvelinus alpinus (Linnaeus, 1758) 

diffuse 

Present study 

Salmonidae 

Salvelinusfontinalis (Mitchill, 1814) 

diffuse 

Gudematsch (1910), Marine (1914) 

Salmonidae 

Salvelinus namaycush (Walbaum, 1792) 

diffuse 

Brown et al. (2004b) 

Osmeriformes 

Osmeridae 

Osmerus mordax (Mitchill, 1814) 

diffuse 

Gudematsch (1910) 

Salangidae 

Salangichthys microdon (Bleeker, 1860) 

diffuse 

Harada et al. (2005) 

Stomiiformes 




Stomiidae 

Stomias boa (Risso, 1810) 

diffuse 

Nusbaum-Hilarowicz (1923) 

Aulopiformes 

Giganturidae 

Bathypterus lisae valid as 

Gigantura indica Brauer, 1901 

with gathered lobules 

Walters (1961) 

Giganturidae 

Gigantura vorax valid as 

Gigantura chuni Brauer, 1901 

with gathered lobules 

Walters (1961) 

Ipnopidae 

Bathypterois dubius Vaillant, 1888 

diffuse 

Bougis and Ruivo (1957) 

Acanthomorpha 

Lampriformes 

Lampridae 

Lampris immaculatus Gilchrist, 1904 

diffuse 

Present study 

Trachipteridae 

Trachipterus ishikawae Jordan & Snyder, 
1901 

diffuse 

Honma et al. (2005) 

Gadiformes 

Gadidae 

Gadus morhua Linnaeus, 1758 

diffuse 

Woodhead, 1959, Morrison (1993) 

Gadidae 

Melanogrammus aeglefinus (Linnaeus, 
1758) 

diffuse 

Zenzerov (1986) 

Gadidae 

Pollachiuspollachius (Linnaeus, 1758) 

diffuse 

Present study 

Lotidae 

Gaidropsarus mediterraneus (Linnaeus, 
1758) 

diffuse 

Present study 

Macrouridae 

Trachyrinchus trachyrinchus valid as 
Trachyrincus scabrus (Rafinesque, 1810) 

diffuse 

Motais (1960) 

Zeiformes 

Zeidae 

Zeusfaber Linnaeus, 1758 

diffuse 

Present study 
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Thyroid gland of “fishes ” 


Chanet & Meunier 


Systematic 

Species 

Thyroid structure 

Sources 

Ophidiiformes 

Ophidiidae 

Benthocometes robustus (Goode & Bean, 
1886) 

diffuse 

Bougis and Ruivo (1954) 

Batrachoidiformes 

Batrachoididae 

Opsanus tau (Linnaeus, 1766) 

diffuse 

Gudematsch (1910) 

Gobiiformes 

Eleotridae 

Oxyeleotris marmorata (Bleeker, 1852) 

diffuse 

Abol-Munafi et al. (2005) 

Gobiidae 

Gobiuspaganellus Linnaeus, 1758 

diffuse 

Vivien (1941) 

Gobiidae 

Gymnogobius urotaenia (Hilgendorf, 

1879) 

diffuse 

Harada et al. (2003) 

Gobiidae 

Leucopsarion petersii Hilgendorf, 1880 

diffuse 

Tarnura and Honrna (1970), Harada etal. 
(2003) 

Syngnathiformes 

Callionymidae 

Callionymus lyra Linnaeus, 1758 

diffuse 

Present study 

Mullidae 

Mullus surmuletus Linnaeus, 1758 

diffuse 

Present study 

Syngnathidae 

Hippocampus reidi Ginsburg, 1933 

diffuse 

D. Adriens (pers. com.) 

Syngnathidae 

Phycodurus eques (Gunther, 1865) 

diffuse 

H. Schmidt-Posthaus (pers. com.) 

Syngnathidae 

Phyllopteryx taeniolatus (Lacepede, 1804) 

diffuse 

H. Schmidt-Posthaus (pers. com.) 

Syngnathidae 

Siphostomafuscum valid as 

Syngnathus fuscus Storer, 1839 

diffuse 

Gudematsch (1910) 

Syngnathidae 

Syngnathus acus Linnaeus, 1758 

diffuse 

D. Adriaens (pers. com.) 

Scombriformes 

Pomatomidae 

Pomatomus saltatrix (Linnaeus, 1766) 


Gudematsch (1910) 

Scombridae 

Auxis thazard thazard (Lacepede, 1800) 

with gathered lobes 

Honma (1957) 

Scombridae 

Katsuwonuspelamis (Linnaeus, 1758) 

with gathered lobes 

Williams (1976) 

Scombridae 

Neothunnus albacora valid as 

Thunnus albacares (Bonnaterre, 1788) 

with gathered lobes 

Honma (1957) 

Scombridae 

Scomber japonicus Houttuyn, 1782 

with gathered lobes 

Honma (1957) 

Scombridae 

Scomber scombrus Linnaeus, 1758 

with gathered lobes 

Present study 

Scombridae 

Thunnus thynnus (Linnaeus, 1758) 

with gathered lobes 

Honma (1956a) 

Trichiuridae 

Lepidopus caudatus (Euphrasen, 1788) 

with gathered lobes 

Present study 

Synbranchiformes 

Synbranchidae 

Monopterus albus (Zuiew, 1793) 

diffuse with ectopic 
nodules 

Wai-Sum and Chan (1974) 

Synbranchidae 

Amphipnous cuchia valid as 

Monopterus cuchia (Hamilton, 1822) 

diffuse with ectopic 
nodules 

Srivastava and Sathyanesan (1967) 

Anabantiformes 

Channidae 

Channa gachua (Hamilton, 1822) 

diffuse 

Roy et al. (2000) 

Channidae 

Channa punctatus valid as 

Channa punctata (Bloch, 1793) 

diffuse 

Ram et al. (1989) 

Carangimorphariae 

Caranginomorphes 

Polynemidae 

Polydactylus sexfilis (Valenciennes, 1831) 

diffuse with ectopic 
nodules 

Qureshi etal. (1978) 

Sphyraenidae 

Sphyraena afra Peters, 1844 

with gathered lobes 

Present study 
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Chanet & Meunier 


Thyroid gland of “fishes” 


Systematic 

Species 

Thyroid structure 

Sources 

Istiophoriformes 

Istiophoridae 

Makaira sp. Lacepede, 1802 

with gathered lobes 

Honma (1957) 

Istiophoridae 

Istiophorus platypterus (Shaw, 1792) 

with gathered lobes 

Honma (1956b), Chiba and Honma (1980) 

Xiphiidae 

Xiphias gladius Linnaeus, 1758 

with gathered lobes 

Addison and Richter (1932) 

Carangiformes 

Carangidae 

Trachurus trachurus (Linnaeus, 1758) 

with gathered lobes 

Present study 

Carangidae 

Seriola aureovittata valid as 

Seriola lalandi Valenciennes, 1833 

with gathered lobes 

Honma (1956c) 

Carangidae 

Seriola quinqueradiata Temminck & 
Schlegel, 1845 

with gathered lobes 

Honma (1956c) 

Coryphaenidae 

Coryphaena sp. Linnaeus, 1758 

with gathered lobes 

Honma (1957) 

Rachycentridae 

Rachycentron canadum (Linnaeus, 1766) 

with gathered lobes 

T. Passos de Andrade (pers. com). 

Echeneidae 

Echeneis naucrates Linnaeus, 1758 

with gathered lobes 

Honma and Yoshie (1974) 

Pleuronectiformes 

Paralichthyidae 

Paralichthys californicus (Ayres, 1859) 

diffuse 

Gisbert et al. (2004) 

Paralichthyidae 

Paralichthys olivaceus (Temminck & 
Schlegel, 1846) 

diffuse 

Tanaka et al. (1995) 

Pleuronectidae 

Hippoglossus hippoglossus (Linnaeus, 

1758) 

diffuse 

Einarsdottir etal. (2006) 

Pleuronectidae 

Platichthys stellatus (Pallas, 1787) 

diffuse 

Hickman (1959) 

Pleuronectidae 

Pleuronectesplatessa Linnaeus, 1758 

diffuse 

Cole and Johnstone (1902), Present study 

Pleuronectidae 

Pseudopleuronectes americanus 
(Walbaum, 1792) 

diffuse 

Gudematsch (1910) 

Pleuronectidae 

Verasper moseri Jordan & Gilbert, 1898 

diffuse 

Chiba etal. (2004) 

Scophthalmidae 

Lepidorhombus whiffiagonis (Walbaum, 
1792) 

diffuse 

Present study 

Scophthalmidae 

Scophthalmus maximus (Linnaeus, 1758) 

diffuse 

Padros and Crespo (1996), Chanet et al. 
(2009a), Present study 

Scophthalmidae 

Scophthalmus rhombus (Linnaeus, 1758) 

diffuse 

Hachero-Cruzado et al. (2009) 

Soleidae 

Solea senegalensis Kaup, 1858 

diffuse 

Ortiz-Delgado et al. (2006), Klarena et al. 
(2008) 

Soleidae 

Solea solea (Linnaeus, 1758) 

diffuse 

Chanet (2011), Present study 

Ovalentaria 

Embiotocidae 

Cymatogaster aggregata Gibbons, 1854 

diffuse 

Brar (2009). Brar et al. (2010) 

Pomacentridae 

Amphiprion frenatus Brevoort, 1856 

diffuse 

D. Putra (pers. comm.) 

Cichliformes 




Cichlidae 

Cichlasoma biocellatum valid as 

Rocio octofasciata (Regan, 1903) 

diffus 

Mattheij et al. (1971) 

Cichlidae 

Oreochromis mossambicus (Peters, 1852) 

diffus 

Shukla and Pandey (1986), Geven etal. 
(2007) 

Cichlidae 

Oreochromis niloticus (Linnaeus, 1758) 

diffus 

Nacario (1983) 

Cichlidae 

Oreochromis spilurus (Gunther, 1894) 

diffus 

Al-Hussaini and Bizkalla (1957) 

Atherinomorphes 

Atherinopsidae 

Menidia beryllina (Cope, 1867) 

diffuse with ectopic 
nodules 

Loumie et al. (2005) 

Atherinopsidae 

Menidia notata valid as 

Menidia menidia (Linnaeus, 1766) 

diffuse 

Gudernatsch (1910) 

Beloniformes 

Adrianichthyidae 

Oryzias latipes (Temminck & Schlegel, 
1846) 

diffuse 

Loumie etal. (2005). Bauchet (2006) 

Belonidae 

Belone belone (Linnaeus, 1761) 

diffuse 

Present study 
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Thyroid gland of “fishes ” 


Chanet & Meunier 


Systematic 

Species 

Thyroid structure 

Sources 

Cyprinodontiformes 

Cyprinodontidae 

Cyprinodon variegatus Lacepede, 1803 

diffuse with ectopic 
nodules 

Foumie et al. (2005) 

Fundulidae 

Fundulus diaphanus (Lesueur, 1817) 

diffuse 

Gudematsch (1910) 

Fundulidae 

Fundulus heteroclitus (Linnaeus, 1766) 

diffuse 

Weis etal. (2001) 

Fundulidae 

Fundulus majalis (Walbaum, 1792) 

diffuse 

Gudematsch (1910) 

Notobranchiidae 

Nothobranchius guentheri (Pfeffer, 1893) 

diffuse with ectopic 
nodules 

Markofsky and Milstoc (1979), Fournie et 
al. (2005) 

Poeciliidae 

Gambusia ajfinis (Baird & Girard, 1853) 

diffuse 

Daesik et al. (2004) 

Poeciliidae 

Lebistes reticulatus Schreitmiiller, 1934 

diffuse 

Baker (1959), Fortune (1953) 

Poeciliidae 

Poeciliaformosa (Girard, 1859) 

diffuse with ectopic 
nodules 

Woodhead and Scully (1977), Fournie et 
al. (2005) 

Poeciliidae 

Poecilia reticulata Peters, 1859 

diffuse with ectopic 
nodules 

Hoover (1984) 

Poeciliidae 

Xiphophorus maculatus (Gunther, 1866) 

diffuse with ectopic 
nodules 

Baker et al. (1955) 

Rivulidae 

Cynolebias whitei valid as 

Nematolebias whitei (Myers, 1942) 

diffuse 

Ruijter et al. (1987) 

Mugiliformes 

Mugilidae 

Liza parsia valid as 

Chelonparsia (Hamilton, 1822) 

diffuse 

Pandey et al. (1995) 

Mugilidae 

Mugil auratus valid as 

Liza aurata (Risso, 1810) 

diffuse 

Leray and Febvre (1968) 

Mugilidae 

Mugil cephalus Linnaeus, 1758 

diffuse 

Gudematsch (1910), Weng et al. (2003) 

Blenniiformes 

Blenniidae 

Parablennius gattorugine (Linnaeus, 1758) 

diffuse 

Present study 

Percomorpharia 

Caproidae 

Capros aper (Linnaeus, 1758) 

diffuse 

Present study 

Chaetodontidae 

Chelmon rostratus (Linnaeus, 1758) 

diffuse 

Present study 

Moronidae 

Dicentrarchus labrax (Linnaeus, 1758) 

diffuse 

Schnitzler etal. (2008), Present study 

Moronidae 

Morone americana (Grnelin, 1789) 

diffuse 

Gudematsch (1910) 

Pomacanthidae 

Pomacanthus imperator (Bloch, 1787) 

diffuse 

Present study 

Labriformes 

Labridae 

Labms bergylta Ascanius, 1767 

diffuse 

Dunaevskaya (2010), Dunaevskaya et al. 
(2012), Present study 

Labridae 

Labrus mixtus Linnaeus, 1758 

diffuse 

Present study 

Labridae 

Ctenolabrus rupestris (Linnaeus, 1758) 

diffuse 

Present study 

Labridae 

Semicossyphus reticulatus (Valenciennes, 
1839) 

with gathered lobes 

Honma (1957) 

Labridae 

Symphodus melops (Linnaeus, 1758) 

diffuse 

Present study 

Labridae 

Tautoga onitis (Linnaeus, 1758) 

diffuse 

Gudematsch (1910) 

Labridae 

Tautogolabrus adspersus (Walbaum. 1792) 

diffuse 

Gudematsch (1910) 

Scaridae 

Pseudoscarus guacamaia valid as 

Scarus hoefleri (Steindachner, 1881) 

with gathered lobes 

Matthews (1948) 

Scaridae 

Scams dubius Bennett, 1828 

with gathered lobes 

Honma (1957), Grau et al. (1986) 

Scaridae 

Sparisoma sp. Swainson, 1839 

with gathered lobes 

Matthews and Smith (1948), Matthews 
(1948) 

Spariformes 

Sparidae 

Acanthopagrus latus (Houttuyn, 1782) 

diffuse 

Havasi et al. (2010), Salamat et al. (2012) 

Sparidae 

Dent ex dent ex (Linnaeus, 1758) 

diffuse 

Santamaria et al. (2004) 
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Thyroid gland of “fishes” 


Systematic 

Species 

Thyroid structure 

Sources 

Sparidae 

Pagrus auriga Valenciennes, 1843 

diffuse 

Sanchez-Amaya et al. (2007) 

Sparidae 

Sparus aurata Linnaeus, 1758 

diffuse 

Power (2001), Campinho et al. (2006), 
Present study 

Sparidae 

Spondyliosoma cantharus (Linnaeus, 

1758) 

diffuse 

Present study 

Sparidae 

Stenotomus chrysops (Linnaeus, 1766) 

diffuse 

Gudematsch (1910) 

Lophiiformes 

Lophiidae 

Lophiuspiscatorius Linnaeus, 1758 

compact and included in 
a blood sinus 

Burne (1927), Present study 

Ogcocephalidae 

Ogcocephalus vespertilio (Linnaeus, 1758) 

compact and included in 
a blood sinus 

Present study 

Tetraodontiformes 

Balistidae 

Balistes capriscus Gmelin, 1789 

compact and included in 
a blood sinus 

Present study 

Balistidae 

Canthidermis rotundatus 

valid as Balistes rotundatus Marion de 

Proce, 1822 

compact and included in 
a blood sinus 

Chiba etal. (1976) 

Balistidae 

Melichthys vidua (Richardson, 1845) 

compact and included in 
a blood sinus 

Present study 

Diodontidae 

Diodon holacanthus Linnaeus, 1758 

compact and included in 
a blood sinus 

Chiba and Honrna (1981), Present study 

Diodontidae 

Diodon liturosus Shaw, 1804 

compact and included in 
a blood sinus 

Present study 

Molidae 

Mola mola (Linnaeus, 1758) 

compact and included in 
a blood sinus 

Present study 

Ostraciidae 

Ostracion cubicus Linnaeus, 1758 

compact and included in 
a blood sinus 

Present study 

Ostraciidae 

Tetrosomus gibbosus (Linnaeus, 1758) 

compact and included in 
a blood sinus 

Present study 

Ostraciidae 

Lactoria comuta (Linnaeus, 1758) 

compact and included in 
a blood sinus 

Present study 

Tetraodontidae 

Arothron nigropunctatus (Bloch & 
Schneider, 1801) 

compact and included in 
a blood sinus 

Present study 

Tetraodontidae 

Canthigaster compressa (Marion de Proce, 
1822) 

compact and included in 
a blood sinus 

Present study 

Tetraodontidae 

Lagocephalus lagocephalus (Linnaeus, 
1758) 

compact in a blood 
sinus 

Present study 

Tetraodontidae 

Tetraodon cutcutia Hamilton, 1822 

compact and included in 
a blood sinus 

Present study 

Tetraodontidae 

Tetraodon palembangensis Bleeker, 1852 

compact and included in 
a blood sinus 

Present study 

Terapontiformes 

Oplegnathidae 

Oplegnathus septemfasciatus valid as 
Oplegnathus fasciatus (Temminck & 
Schlegel, 1844) 

with gathered lobes 

Honma (1957) 

Acanthuriformes 

Acanthuridae 

AcanthurusachiU.es Shaw, 1803 

diffuse 

Present study 

Acanthuridae 

Acanthurus lineatus (Linnaeus, 1758) 

diffuse 

Present study 
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Systematic 

Species 

Thyroid structure 

Sources 

Perciformes 

Serraniformes [= Serraniformes sensu Lautredou et al. (2013)] 

Anarhichadidae 

Anarhichas lupus Linnaeus, 1758 

diffuse 

Falk-Petersen and Hansen (2001) 

Cottidae 

Cottus kazika Jordan & Starks, 1904 

diffuse 

Mukai and Otta (1995) 

Cottidae 

Leptocottus armatus Girard, 1854 

diffuse 

Brar (2009). Brar etal. (2010) 

Cottidae 

Myoxocephalus scorpius (Linnaeus, 1758) 

diffuse 

Matishov et al. (2009) 

Cottidae 

Scorpaenichthys sp. Girard, 1854 

diffuse 

Burne (1927) 

Cottidae 

Trachidermus fasciatus Heckel, 1839 

diffuse 

Bingxu etal. (2010) 

Cyclopteridae 

Aptocyclus ventricosus (Pallas, 1769) 

compact 

Honma (1957) 

Gasterosteidae 

Gasterosteus aculeatus Linnaeus, 1758 

diffuse 

Hamada (1975), Honma et al. (1977) 

Percidae 

Perea flavescens (Mitchill, 1814) 

diffuse 

Levesque et al. (2003) 

Percidae 

Perea fluviatilis Linnaeus, 1758 

diffuse 

Rolleston and Jackson (1888), Present 
study 

Percidae 

Sander lucioperca (Linnaeus, 1758) 

diffuse 

Present study 

Pholidae 

Pholis gunnellus (Linnaeus, 1758) 

diffuse 

Gudematsch (1910) 

Sebastidae 

Sebastes norvegicus (Ascanius, 1772) 

diffuse 

Present study 

Sebastidae 

Sebastes schlegeli Hilgendorf, 1880 

diffuse 

Kang and Chang (2005), Chin et al. 

(2010) 

Sebastidae 

Sebastiscus marmoratus (Cuvier, 1829) 

diffuse 

Zhang et al. (2009) 

Serranidae 

Epinephelus aeneus (Geoffroy St.-Hilaire, 
1817) 

diffuse 

Abbas et al. (2012) 

Serranidae 

Epinephelus coioides (Hamilton, 1822) 

diffuse 

Tang et al. (2010) 

Serranidae 

Paralabraxclathratus (Girard, 1854) 

diffuse 

B lasiola et al. (1981) 

Serranidae 

Serranus hepatus (Linnaeus, 1758) 

diffuse 

Ramos and da Conceifao Peleteiro (2001) 

Triglidae 

Trigla lyra Linnaeus, 1758 

diffuse 

Present study 

Notothenioides 

Channichthyidae 

Chaenocephalus aceratus (Lonnberg, 

1906) 

diffuse 

Twelves etal. (1975) 

Nototheniidae 

Notothenia coriiceps Richardson, 1844 

diffuse 

Hureau (1970) 

Nototheniidae 

Notothenia cyanobrancha valid as 
Indonotothenia cyanobrancha 
(Richardson, 1844) 

diffuse 

Hureau (1970) 

Nototheniidae 

Notothenia macrocephala valid as 
Paranotothenia magellanica (Forster, 

1801) 

diffuse 

Hureau (1970) 

Nototheniidae 

Notothenia neglecta Nybelin, 1951 

diffuse 

Twelves etal. (1975) 

Nototheniidae 

Notothenia rossii Richardson, 1844 

diffuse 

Hureau (1970) 

Nototheniidae 

Trematomus bernacchii valid as 
Pseudotrematomus bernacchii (Boulenger, 
1902) 

diffuse 

Hureau (1963,1970) 

Nototheniidae 

Trematomus hansoni valid as 
Pseudotrematomus hansoni (Boulenger, 
1902) 

diffuse 

Hureau (1963,1970) 
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